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if. THE MAGNETIC PROPERTIES OF FERRITIN AND SOME OTHER 
COLLOIDAL FERRIC COMPOUNDS 





By LEONOR MICHAELIS, CHARLES D. CORYELL, anno 8. GRANICK 


From the Laboratories of The Rockefeller Institute for Medical Research, New York, 
and the Department of Chemistry, University of California, Los Angeles) 


(Received for publication, February 8, 1943) 


Since ferritin (1, 2) is an iron compound, it is suggestive to investigate 
its magnetic properties. ‘The content of iron in the ferric state is very high, 
23 per cent, higher even than in many inorganic iron compounds. Macro 
homogeneous solutions of rather high concentration can be easily prepared. 
These properties make an accurate measurement of the magnetic property 
of the iron atom quite easy. Its magnetic susceptibility was expected, 
and found experimentally, to be independent of the intensity of the mag- 
netic field. So the substance is strictly paramagnetic with no contamina- 
tion of any ferromagnetic substance. As regards the numerical value of 
the susceptibility obtained experimentally, no correction for any diamag- 
netic contribution of the protein molecule is necessary. The diamagnetic 
volume susceptibility of water and that of any, even highly concentrated, 
protein solution differ so little from each other that the total value of the 
paramagnetic susceptibility can be ascribed to the iron alone, within the 
limits of error. 

As it became evident in the course of the study that the iron in ferritin 
is present in the form of micelles of colloidal ferric hydroxide, a thorough 
investigation of various kinds of colloidal ferrie hydroxide is included in 
this paper for comparison, with a few remarks also on some crystalline 


minerals of the same composition. 


Wethods and Preliminary Theoretical Introduction 


The measurements were performed by a somewhat modified Gouy 
method, in part in Los Angeles with the macromethod described by Coryell, 
Stitt, and Pauling (3), by which the magnetic pull is measured in terms 
of mg. of weight, in part in New York with the micromethod described 
by Michaelis (4), by which the magnetic pull is measured in terms of lines 
of deflection of the pointer of a magnetically damped semimicro balance. 
In both methods advantage is taken of the double vessel, or compensation 
vessel, such as was first used by Freed and Kasper (5). The second method 
affords the same degree of accuracy as the other at much lower field 
strengths. ‘The comparison of the two methods confirms the reliability 
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of the micromethod and gives added evidence of its utility for those cases 
in which the other is not sufficiently sensitive 

Measurements with the macromethod were executed at room tempera 
ture and at 2°. A solution of ferritin is placed in the uppel half of a 
cylindrical, double compartment tube supported vertically by a light silver 
chain to hang between the poles ol a large horizontal water-cooled « leetro 
magnet. The septum ol the tube is at the level of the pol axis; the lower 
compartment contains water to reduce the effect of the water of the ferritin 
solution. The measurements at room temperature are made with a closed 
wooden box surrounding the tube lhe measurements at the lower tem- 
perature are made with the tube suspended freely in a heavy copper 
cylinder supported between the poles, the evlinder being cooled by an 


iwe-watel mixture concentrically placed above and in low t he pole Pup ay 


that a constant, steady state of temperature obtains inside, 2° above that 
of the bath The ipparatus, including a metal colum surrounding the 
chain up to the balance, IS flush d with pre ool 7 dry il! hile thr ste idly 


state is being reached. and dew formation on the tubs ~ clo S not oecur 
The apparent increases in weight, in terms of mg hen th magnet is 
excited with manually stabilized reproducible currents of 10 and 14 amperes 


corresponding approximately to 7 and 9 kilo-oersteds) are observed and 


those at l4 amperes are reduced to equivalent readings at 10 amperes with 


the experimentally determined ratio, to be recorded as A The difference 
between the volume susceptibility ot the ferritin solution and that of wate 
called x. . is given by the following equation 
LW y 1 
x K Ky 
ie ar 
A 7 


The subsernpts X, W, and A to Aw refer to ferritin solution, water, and 
air, respectively, as contents of the upper compartment, and the volum 


susceptibility of air, « and ot alr-saturated ite re taken as 
+0.029 kK 10°° and 0.719 &K 10-° c.ag.s.t. at roor temperature (0 
Values of x divided by the number of gm. atoms of iron per ee. giv 
the value of the gm. atomic paramagnetic suscepti lity ot tl on atom 
which will be designated as x] 
The micro modification of the method (4) differs from 1 original method 


in that the magnetic pull is measured in terms of lines of deflection instead 


of mg. A semimicro balance is equipped with a scale of 200 divisions 
read through a microscope, at its pointer. Each line of deflection corre 


sponds to approximately 10 oy) It is not necessal to calibrate the 
scale in terms of weight at all, the calibration rather being made direeth 
in terms of volume susceptibility, as follows: The conte 


compartment is ke pt constant throughout ull « xperiments, sa In the to 
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of a 1 per cent agar gel which precludes rising of air bubbles. The deflec- 
tion when the magnet is excited is first read with air in the upper compart- 
ment. In contrast to the other method, the amperage is not kept the 
same (10 or 14 amperes) for all experiments but each time adapted so as 
to produce a deflection of 80 to 150 divisions. The maximum deflection 
on excitation of the magnet abruptly is observed solely. To reach the 
maximum deflection, 15 seconds are needed with the magnetically (almost 
critically) damped balance. The observation is repeated six to ten times; 
the agreement is usually within +2 lines, and the average of the readings 
is taken. The deflection that occurs when the current is broken is never 
read or utilized for any calculation, since it is not possible to obtain repro- 
ducible values with it. With air in the upper compartment, a current as 
low as 2 or 3 amperes is sufficient, depending of course on the relative 
dimensions of the pole gap and the cross-section of the vessel. It has been 
ascertained for the magnet used (“isthmus magnet,’’ General Electric Com- 
pans and tor the conditions of our experiments that at least up to 10 
amperes, for pole gaps not smaller than 1 ¢m., the pull that occurs when 
the magnet is excited is strictly proportional to the square of the amperage; 
in other words, that the magnetic field intensity is proportional to the 
current intensity This agreeable property of the apparatus makes it 
easy to express each observation in a form always valid for one standard 
amperage, sav 10 amperes 

After the experiment with air in the upper compartment is finished, 
another experiment is made with water. The (algebraic) difference of the 
deflection with air and with water corresponds to a difference of volume 
susceptibility of 0.748 & 10°% Hence, if this corresponds to n lines of 
deflection at 10 amperes, each line of deflection corresponds at 10 amperes 
to O.748/n X 10°° ©.G.s.c. of volume susceptibility. This figure must be 
determined for each vessel and tor each width of the pole gap and is desig- 
nated in Table I], as ‘‘vessel constant.”’ It was usually between 2.5 K 107'" 
and 5 & 10 c.G.s.U., and was reproducible over any length of time within 
| per cent 

The vessels used had a cross-section in the neighborhood of 5 to 8 mm., 
and a length of approximately 11 em. for each of the two compartments. 
It was ascertained that the result was the same whether the septum of the 
vessel was exactly in the axis of the poles or a few mm. below or above. 
This condition must be fulfilled, because the vessel moves a few mm. in 
the vertical direction during the deflection. To obtain this condition it is 
necessary that the diameter of the pole (3 ¢m. in our apparatus) be con- 
siderably larger than the cross-section of the vessel, so that the septum of 
the double vessel always remains in the homogeneous region of the mag- 


netic field while moving. It was also ascertained for each vessel that the 
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result is independent of whether the upper compartment is filled to the 
brim or about 2 to 3 mm. below the brim, showing that the upper brim of 
the vessel reaches into a region of negligibly small field strength. The 
capacity of the compartment was, for instance for one of the vessels, 1.92 ee. 
It is not necessary to determine the magnetic field strength. It may be 
noted that it varied under our working conditions from 1000 to over 10,000 
oersteds. ‘To arrive, from the measured volume susceptibility, to the 
susceptibility per gm. atom of iron, xp,, the same procedure is used as for 
the other method. 

The effective magnetic dipole moment, registered in Tables I to III, 
is calculated AC cording to the simple Curie law, in terms of Boh magne- 
tons (B. M.). 


Lef 2.4 V _ * T (] 


where T is the absolute temperature, and x the susceptibility. The more 


general form is the Curie-Weiss equation 
p 284 V x(7 0 9 


where 0 is a constant that applies for a particular substance in a particular 
compound and stat If 8 should have any value not negligibl compared 
with 7, the moment, as calculated from Equation 1, would change when 
the temperature was varied. ‘This is not the case with ferritin, at least 
not within the limits of error, as will be discussed in more detail later on 
Consequently it is legitimate tO Use the numerical \ ulue Ol the moment 
obtained with Equation 1 to arrive at certain conclusions. Such conclu- 
sions as are important from a chemical point of view are the calculation 
of the number of unpaired electrons in the iron atom, the derivation from 
it of the nature of the chemical bonds by which the iron atom is bonded to 
the other atoms, and finally the structural properties ol the iron complex 


compound as a whole. 


Table I shows the result of the first (macro) method on several ferritin 


solutions in two te mperature ranges At room te mperature the gm. atomic 


susceptibilities wrest within experimental erro! Considering the higher 


reliability of large - values e take 5900 & 10°° as the average susceptl- 
bility at 27°, reliable to about +80, and 3.78 + 0.03 B. M. as the best 
value for the magnetic moment The suse ptibility at the lower tem- 
perature increases, the values being just a little higher than expected 
according to Curie’s lav Hlowever, since the limit of error is higher in the 
experime nts at lower temperature, the deviation from Curie’s law is not 


decidedly beyond the limits of error and the 6 in Equation 2 is at any rate 


small compared with T in the range of room temperature. 
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Table II presents the results of the second (micro) method on several 


ferritin solutions. 
Table I is satisfactory. 


The agreement of the effective moment with that in 


Table III gives the results of susceptibility and moment determinations 
on the non-erystallizable fraction of ferritin, on solutions treated with 


TABLE [ 
Determination of Vagnetic Prope rlies of Ferritin with Macromethod 
a - Fet*** remperature ae y 7, am { 10x Fe Mel 
me. Grom me me. meg 
per 4 
[ 0.0964 ) 23.38 1.07 30.61 5860 3.79 
Il 0.142 26 0.80 6.41 0.19 5750 3.72 
1\ 0.176 95 7.84 29 24 0.78 5950 3.79 
| 0.398 2 14.83 22.37 0.90 6640 3.84 
I\ 0.176 2 11.9] 22.07 0.72 6790 3.88 
TABLE II 
De ? Vagnetic Properties of Ferritin with Micro (or Deflection) Method 
. Vessel con- 106 
Preparation N¢ Fe remperature stant X 10-10 X Fe B off 
me. per cx 
| 5.37 0.02 29 » 53 6000 S.a6 
5.37 22 3.30 6160 3.83 
». 34 22 13 6115" 3.87 
0.537 22 2.52 6165* 3.73 
IN 1.52 22 3.33 6450 3.92 
$1.52 23 3.13 5USOF 3.76 
Average (unweighted 6145 3.81 


* A 
Average 


\verages of measurements at 1.37, 2.05, 3.50, and 7.00 amperes, agreeing within 


of several determinations 


lhe reading at 7 amperes was made by the macromethod. 


on heat-coagulated material, and on ferritin isolated from the 
All of 


preparations show magnetic moments identical within experimental error 


NaOH, 


spleen of a horse previously subjected to many bleedings. these 


with those of normal ferritin (Tables I and IT). 


Hemosiderin 
Hemosiderin granules were obtained from the spleen by centrifugation 
of the juice and repeated washing with water in the centrifuge. Finally, 
Such a thick 


suspension has very little inclination to settle, and may be taken as a 


the granules were suspended in as little water as feasible. 


nearly macro homogeneous suspension during the time necessary for the 
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measurements. ‘The results are given in Table IV. The susceptibility 
and the effective moment are somewhat smaller than for ferritin. The 
chemical homogeneity of the hemosiderin granules may be doubted. With 
this fact taken into consideration it seems that the iron of hemosiderin is. 
at least in its main part, in the same magnetic state as in ferritin, and that 


some of its iron may be in a state of lower susceptibility 


Tasie II] 


Vagneti« Veasurements on Miscellanes Fe n Preparation V omethod) at 29 
Preparatior ‘ be », 105, 
Vil Non-cerystallizable fraction remaining afte) 6. Of 9H50 6S 
exh s CdsQ) S 1] ' ’ 
fa 
L\ 8 ec. ferritin + 2cc.0.1N NaOH ~ ) 61507 , 78 
IX 10 ec. ferritin + 0.5 ce. 7.5 N NaOH t 40 6330 3 88 
H I yen y “.) HIN a Ry 
y iM) 
x 6 ae 
f } < ’ 
Averag i ig ( SN] 
* Value 6300 | 
vl [' 
V V \ H / T 
Mb 22 | 27 mg 
I 
| 520) ) 
I] 1S] t 
LK) 4) 
Vaqnetoc) . ani 
The magnetic susceptibilit oft territim rought T\ different pil values 
with acid or base was determined essential! ith the macromethod Cor 
rection was made for dilution by the reagents, and the molal susceptibility 
values calculated vith the aid of Equation | Che results are represented 
in the following tabulation 


pH 


10 Ky tt SOM) 585) S050 SO 5700 SOK) 
é 


* Measurement made 3 days later 
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It is obvious that there is no change in the susceptibility with pH over 
a wide range, nor with time, in a solution as acid as pH 2.1. 

An effort was made to determine the acid limit of stability of the sub- 
stance. The dropwise addition of 1.0 cc. of 2 N hydrochloric acid to 5 ce. 
of ferritin at pH 2.1, with mechanical stirring, led to no immediate appar- 
ent change, but an orange turbidity developed in several minutes. 4 ce. 
more of acid were added to the mixture to make it 1 N in acid. It took 
about 10 minutes to get the susceptibility of the uniform orange suspension 
of the now coagulated ferritin; the value of 10°yp, was found to be 8400. 
Within an hour the precipitate had settled down in the tube. After 2 
days the fairly compact precipitate was pure white and the clear super- 
natant liquid looked like a dilute ferric chloride solution. The suspension, 
after being shaken up to obtain a uniform suspension, gave the value 
14,500 for 10°y,, which is that of ferric chloride in acid solution (ue, = 
close to 5.9). 

\ study was made magnetically of the effect of solid sodium dithionite 
in the presence of some sodium bicarbonate on ferritin, initially at pH 10.5. 
It was found, in agreement with the result of Paper II (2), that slow reduc- 
tion does occur at room temperature. To 7 ec. of ferritin in the same 
magnet tube used for the determinations given in the accompanying tabu- 
lation, there was added approximately 0.1 gm. of sodium dithionite 


5900 5400 =S600) S200" 9200 9500 10.500 (10.100) 4 


* (Charge of dithionite increased 


\fter shaking 


NaeeOy, Eastman’s, 90 per cent pure), approximately twice the metatheti- 


cal amount required for reduction. ‘The gm. atomic susceptibility is given 
as a function of time. The color changed gradually from red-brown to a 
greenish brown. A qualitative spectrophotometric study showed greatly 


increased ultraviolet absorption, at least partly due to the dithionite ion, 
and a fair increase in absorption in the red region. At the end of the study 
the solution readily reduced methylene blue, indicating either an excess of 
dithionite or a considerable reducing power of reduced ferritin. The 
susceptibility rises slowly on reduction, apparently going to an asymptotic 
value of 11,000. On the assumption that this represents the limiting value 
for reduced ferritin, the magnetic moment is caleulated to be 5.1 B. M. 
This is just the value found for ferrous ion or ionic ferrous complexes for 
Which the moment from electron spin alone is predicted to be 4.9 B. M., 
and for which a value slightly higher is to be expected, owing to incom- 
pletely quenched orbital contribution. Covalent ferrous complexes with 
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one d orbital involved in bond formation should give a moment somewhat 
above 2.4, and covalent ferrous complexes with two d orbitals as with 
d*sp* octahedral complexes (such as ferrocyanide ion, or the a ,a’-bipyridine 
ferrous ion) should and do give zero. 

After it had been recognized (2) that the reduction of ferritin by 
sodium dithionite proceeds with much greater speed in a slightly acid 
solution, a similar experiment was performed in which a stock solution of 


ferritin was diluted with the same volume of acetate buffer, | M with respect 


both to sodium acetate and to acetic acid In such a solution, addition 
of 15 mg. of NasSeO, brings about almost instantaneous reduction of fer 
ritin, the color turning from brown to light greenish vello Che sus- 
ceptibilitvy changed immediately to 11,400 which 1 ithin the limits of 


error, the same as the isyvmptotic end-value of the preceding « xperiment 
in alkaline solution, thus confirming the product to be ferrous ton con 
taining 4 electrons with parallel spins 

The data above Suggest that the iron of ferritin is not affected chemicalh 
by change in acid ionization in its protein environment Che absorption 
spectrum was studied for further verification Dilutions of ferritin I were 


studied with the Beckman phot electric spectrophotometer in the range 


700 to 320 mu in buffers at pH 15.6 ind | The spect ot veral sam 
ples of these solutions were identical, but gave molar absorption coefficients 
referred to iron) 12 per cent higher than those of Kuhn and coworkers 
6) (29 per cent high it 470 and 500 mu 1} olar absorption co 
efficient increased smoothly to 5.0 * 10° at 320 mu. The preparation at 
pH 1 showed somewhat lower absorption coefficient ossibl scribabl 
to parti | desti n of tl proten } ( } le lored ferri 
ion, as found in the magnetic study in | ic] 

\ solution at pH 5 in 0.6 m potassi flue solution sl ed an ab 
sorption curve identical with that of ferritin alone, indicating that ne 
tendency whatever occurs to form a fluoride comple. Similarly no change 
in color occurs at pH 10 even with large concentration of potassium 
evanide. These observations emphasize the chemical non-reactivity of 


ferritin iron 


Fi P Hudroa ty Prepared fron PR p 


When, to a solution of ferritin, sodium hydroxide is added in sufficient 


amount, a precipitate of ferric hydroxide arises, leaving practically all of 
the protein in solution At the same time most of the PO, is released from 
the ferritin. The precipitate can be washed with distilled water urtil 
practically free from electrolytes and suspended in very little water to 
form a thick suspension which settles very slowh Any noticeable sedi- 


me ntation during the magne tic measurements vould hy ’ ranife sted by a 
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slow and continuous change of susceptibility, which did not occur. There- 
fore, the susceptibility of this suspension can be measured with fair ac- 
curacy. One may similarly measure, with more or less accuracy according 
to conditions, any kind of ferric hydroxide obtained as an amorphous 
precipitate. The results for the ferric hydroxide prepared from ferritin 
by precipitation with sodium hydroxide are as follows: temperature 23°, 
vessel constant 3.13 & 107!°, Fe per ce. 3.56 mg., 10®°xp_ 6090, were. 3.77. 
It ean be seen that within the limits of error the ferric hydroxide has the 
same susceptibility, per gm. atom of iron, as ferritin. Consequently, the 
particular value of the susceptibility of ferritin is inherent in the iron atom 
itself and is not connected with the PO, or due to the particular bonding of 
the iron with the protein of ferritin. 


Colloidal Ferric Hydroxide 


In spite of the extensive literature on the magnetic properties of oxides 
and hydroxides of iron, compiled by Gmelin (7), Mellor (8), and especially 
Baudisch and Welo (9), there are few magnetic measurements on colloidal 
and amorphous hydroxides that we can use to compare with ferritin values. 
This literature is mainly concerned with the problem of the conditions 
under which dehydration at high temperatures results in the formation of 
either a ferromagnetic or a non-ferromagnetic ferric oxide. In this paper 
no ferromagnetic compound will be considered, since it never arises under 
conditions interesting from our point of view. Our investigations were 
performed with colloidal solutions of ferric hydroxide prepared by different 
methods, and to some extent with the precipitates derived from them by 
precipitation at room temperature. The naturally occurring crystalline 
ferric hydroxide s will be briefly mentioned. 

Our measurements, carried out with the micromethod, furnished the 
results shown in Table V. It can be seen that the susceptibilities per gm. 
atom of iron vary within the wide limits from yp, X 10° = about 14,000 
down to 2700 at room temperature, and the effective moment derived 
herefrom according to Curie’s law varies from 5.8 to 2.5. The value is 
constant for each sample of the colloidal solution over months. The 
amorphous ferric hydroxide derived from a colloidal solution by precipita- 
tion either with salt or with alkali showed no change of susceptibility 
within the limits of error inherent in the measurement of a thick suspension 
of precipitate. This, however, is no longer true when the amorphous pre- 
cipitate is subjected to energetic dehydration at high temperatures. Even 
refluxing the colloidal solution for 1 day at 100° lowers the susceptibility 
Table V, second line). 

The value of susceptibility for each sample depends upon the mode of 
its preparation. The highest values are equal to or at least closely ap- 
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TABLE V Concluded 
Preparation 8, 5 ce. of saturated ferric sulfate solution added dropwise to 150 ee. of 
boiling water; Pr paration Z similarly made as was Preparation M 
The precipitate of Preparation B is made from dilution of the colloidal solution, 


Preparation B, by adding 1.2 cc. of 0.01 m NaOH, centrifugation, and suspending the 


} 


precipitate 1 H.O to a total volume of 2 ce 


Ferric albuminate was made by adding dropwise a 25 per cent FeCl, solution to 


) 


100 ee. of 2 per cent solution of dried egg albumin (commercial), centrifuging, and 
ly Ing 56 days: clear brown colloidal solution 


Ferric globinate was made by adding dropwise to a 2 per cent solution of horse 


} 


obin (made from hemoglobin with acetone + HCl), FeCl, as in ferric albuminate. 


proach that of an ionic ferric compound; namely, corresponding to a mo- 
ment of nearly 5.9 Bohr magnetons. Such values are obtained when an 
aqueous solution of ferric chloride is added, dropwise, to a large amount of 
boiling water, cooled, and dialyzed. When a correspondingly diluted 
cold ferri chloride solution is gradually heated to boiling (Table V, Prepa- 
ration A), the susceptibility of the resulting colloidal solution is much 
lower (2700 instead of 15,000). Colloidal solutions made from ferric salts 
other than the chloride, even those made from ferric fluoride, showed much 
lower values also (around 4800 (‘olloidal solutions made at room tem- 
perature by adding small amounts of ammonia to a ferrie chloride solution 
vith subsequent dialysis all gave low values (around 4000). In general, 
the solutions of very high susceptibility are clear and more red; those of 
low susce ptibility are turbid and more vellow. However, this rule is not 
strict The ed solution of high susceptibility Preparation Z, Table V), 
vhen refluxed for | day, remains red and rather clear, although showing 

strong Tyndall effect; vet the susce ptibility of this red solution is con- 
siderably lowered (from 14,000 to 5300). Some results may be mentioned 
Jiminary to studies of paramagnetic crystalline minerals of ferric oxide 
or hydroxide free from ferromagnetic impurities. When investigated as a 
powder at room temperature all showed very low susceptibilities, cor- 


esponding to an effective moment of 2.4 to 2.7 B. M.! These included 


o crystalline minerals of the composition (FeOQOH),,, goethite and lepido- 
oc inother of the composition (FeeO3)2- H20, limonite, and even the 
anhydrous ervstalline mineral hematite, Fes \s regards these erystal- 


line compounds one must wait for a comparative study at very low tem- 
peratures for a more exhaustive interpretation. These minerals are men- 


tioned here in order to include them in the following discussion. 


Phese valu ft in agreement with those reported earher (9 

It } entioned that complete dehydration of goethite at high temperatures 
( lt in formation of non-ferromagnetic FeoOs;, and that of lepi 
wn of ferromagnetic Fe.O It is in agreement herewith that all 

samples of goethite ere strictly paramagnetic, whereas those of lepidocrocite 


ht mtamination witl ferromagnetic substance, 
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DISCUSSION 


Interpretation of Susceptibility in Terms of Magnetic Dipole Moment and 
of Numbe r of l npaired Electrons Ferric ion contains 23 electrons. In 
the ground state 13 of them are in the MW shell. Of these 13 there are one 
pair of s, three pairs of p, and 5 unpaired d electrons. Only the latter 
5 can contribute to the paramagnetism, and only through their spins, 
since the vectorial sum of the orbital moments of 5 unpaired d electrons is 
zero. ‘The magnetic moment due to the spins ol n unpaire d electrons is, 
according to theory, VY n(n + 2) Bohr magnetons; so the moment of ferric 
ion, per gm. ion, should be 5.91 B. M. \ value equal or at least very 
close to it is found in numerous ferric compounds such as ferric chloride in 
sufficiently acidified solution, in very many ferric complex compounds, 


droxide lable \ 


This value of the moment is arrived at from the measurement of suse pti 


and even in some preparations ol colloidal it rric hy 


bility at room temperature, assuming the simpk Curie law which correlates 
susceptibility, x, and moment, uw, according to Equation 1 Phe more 
general Curie-Weiss law (Equation 2) merges into the above more simpk 
form if the constant 6 is small in comparison with 7 his condition is 
fulfilled when the Fi le distances are large enough ! I 
preciably magnetic inte raction is. ca The ferric 101 th 5 unpaired o1 
“odd” electrons is one extreme and is encountered in thos Onco OUuUNndS 
in which only ionic (or ton-dipole) bonds connect the F ith the 
complex forming atoms or atom groups L] 

The other extreme is that with Fe having onlv | unpaired « trol Chis 
type has been observed in numerous complexes such as t nide ion, i 
which according to Pauling’s theorv the tron is connected he six CN 
groups by covalent, instead of ionic, bonds. Six hybrid p> bonds 
formed, leaving only 1 unpaired electron. The moment expected from its 


spin should be 1.73 B. M see Table VI however, the actual moment is 
somewhat greatel ee. \I owing to the orbital contribution Itho 1g 


this orbital contribution is greatly quenched by the molecular electri 


field, it is not entirely quenched 


\ third kind of ferric atom is that containing 3 unpaired electrons. — It 
was suggested first by Corvell, Stitt, and Pauling (3) for ferrihemoglobin 
hydroxide, and is intermediate between the two mentioned extrem Here 
only four covalent bonds of the tvp d p> are formed, | ye 5 unp d 
electrons. ‘This results in producing a moment from spi me equal to 
3.87 B. M., which also may be somewhat increased by orbi Corl butions 


Although t he magnitude ol the orbital contribution cannot by pred ted. 
it is relatively small \ glance at Table VI shows that fo he three cases 


the moments trom spin contribution alone are so widely ate! rol } 
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other that no doubt can arise in the interpretation of a susceptibility in 
terms of Bohr magnetons and consequently in terms of the number of un- 
paired electrons. 

One disturbing factor remains for consideration. When the Fe—Fe 
distances are very small, their mutual interaction may render the above 
interpretation doubtful, because in this case each Fe atom is then under 
the influence not only of the externally applied magnetic field but also 
of an internal field to which it is exposed. In such a case, provided we 
are dealing with a paramagnetic and not a ferromagnetic substance, the 
moment, as calculated in the usual way from the susceptibility, appears to 
be smaller than it would for the isolated Fe atom. However, no para- 


TABLE VI 


] n Fe e State, in Non-Ferromagnetic Compound Showing Following Magnetic 
Propertie {ecording to Number of Unpaired d Electrons 


Calculated from spin Experimentally 


contribution alone observed Effective 
susceptibility moment 
x _ in known derived here- 
Suscepti compounds due | from according 
Moment bility per to spin + to Equation 1 
Bohr magnetons). gm. aton orbital m 
P at 22°, contribution, efi. 
10%y 10% 
6 covalent dsp? 4/1(1+2) = 1.73) 1,260 About 2,200 About 2.3 
honds 
val ] \/3(3+2 , 87 6, 300 
is (and 2 
bye is 
lon hond \/5(5+2 5 9] 14.700 Very close Very close 
to 14,700 to 5.91 


magnetic iron compound has been found in which one would be compelled 


to assume an Fe—Fe interaction of such a magnitude as to make impossible 
the classification o} the compound as belonging to one ot the three states of 
lable VI The onlv case® in which a rather strong Fe—Fe interaction 
seemed to occur was in a binuclear iron complex discussed by Gaines, 
Hammett. and Walden (14). The writers were unable to confirm this 


result but found a susceptibility for this compound very close to that of 
ferricevanide ion (13 

(Consequently it is most unlikely that the assumption of Fe—Fe inter- 
ection of variable magnitude can explain the wide range of susceptibility 
values of the colloidal ferric hydroxide, some as high as 14,000, others as 


low as 2600. A much more plausible hypothesis is that the highest values 


The exceptional case of the diamagnetic compound Fe2(CO), is discussed else- 
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are those characteristic of an ionic ferric compound, the lowest those 
characteristic of a covalent ferric complex such as ferricyanide ion, and 
that in general the iron atoms in an amorphous ferric hydroxide are not 
equivalent, but in different magnetic states: so that the measured suscep- 
tibility is just an average value, to which each of the three magnetic states 
of ferric ion of Table VI contributes its share. We shall now consider on 
what conditions the state of each single iron atom will ce pena 

Structure of Amorphous or Colloidal Ferric Hydroxide Since the co 
ordination number of iron is practically invariably six, ferric ion, as existing 
in a sufficiently acidified solution of FeCl, may be considered as an octa- 
hedral compl X Fell! HO , the water molecules being held by ton 
dipole bonds \s regards the discussion of magnetic properties, It is 
irrelevant whether to some extent H,O is replaced by Cl~ ions (Rabino 
witch and Stockmave 15 Phe ater in this complex is more acidic 


17 


than free vater, because the positive charge of the iron tacilitates the 


dissociation of protons and so according to pH, 1 or more protons may 


be detached Hlowever, as the total positive charge ol these molecular 
species decreases, the tendene toward aggregation is) enormousi Cl 
hanced \Mlicelles are formed in such a wa that an OH of | molecule 
and an OH or OHe of another molecule split out H.LO, producing an oxvgen 
bridge between 2 iron atoms Pwo octahedra share corner represented 
by this oxvgen aton \lore than one corne f an octahedron can be 


share | with Thuy «>! Wmiyacent octahed wit {| Lor aD ih ( 


maining OFim 1 for hydrogen bond th an © tor nother 
octahedron In fact, this is in principle the structure of the turall 
1] ‘ 

occurring crystalline minerals of compositior (MOTT: mame goethite 

| | , ‘ | TT 17 nil ( Ldeovt } 14) \ li» i bewuy 

and lepldocrocite ng 14 ina OLUISZLaAUD (I coe nie te Ing 

= , 
there are n goethite double | ers ot octahed ( h one sharing thre 
: , . ' 

corners ith three Lady ucel etahnedra | is I | ‘ ( Ss sep 

‘ ; | t ly { i} 

rated oO! ne I mele tave ( ito | ( locror ( re 

structure is Ssimila the diflerence being that the octahed! Sha iiternatel 

two and tou! rie t} qdyacent octahed! The dif ence between 

+} ] ] +; +] ‘ ; 1] 7 } . 2 } Liat - 

nese more oO CSS CISL CrVStaliine mhnerais ana he les Lstinetly 

] } et | - ‘ . ‘ 
crvstaiime and amorphous KInds oO] erris IVGroONi de () LPProNimMmace Com 
I 
' : , , 
position FeQOH mav be that the structure ot the latter is not regula ovel 
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other anions, unable to form bonds comparable to hydrogen bonds, may be 
responsible for the lack of a perfect crystalline state. 

In order to account for the variability of the magnetic state, the following 
principles will be suggested. (1) H2O or OH™ is bound to Fe always by 
an ionie (or ion-dipole) bond. (2) O° may be bound to Fe sometimes by 
an ionic, sometimes by a covalent bond, according to the particular struc- 
ture. Theory cannot predict as vet, in general, when a bond will be ionic 
or covalent, but it can foresee a certain structural condition which makes a 
covalent bond impossible and leaves only the possibility of an ionic bond. 
If an oxygen atom lies at a shared corner of two or more octahedra, the 
angle hetween the bonds | oe —( i— Ie must have ra | rather well defined mag- 
nitude in order that stable covalent bonds may be formed. If, for instance, 
two octahedra are united only by the sharing of one O-, the bonds cannot 
he covalent. because their angle is 180° or at least not far from it. For 
example, in a linear string of octahedra with shared corners the bonds 
must be ionic. If two covalent bonds originate from an oxygen atom, the 
valence angle must be 90° or be at least not too far from it. This is pos- 
sible when 20> atoms lving at the two corners of an edge are shared by two 
adjacent octahedra. So, sharing of an edge may be considered as neces- 
sary for covalent bond formation. The variability of the structure of 
amorphous ferric hydroxide, especially with respect to the sharing of 
corners only or of edges, may explain the variability of the magnetic sus- 
ceptibility It is not vet possible to correlate the prevalence of the one 
or the other pattern of the structure with the mode of preparation of the 
hydroxides 

It is all the more remarkable then, that the susceptibility of the iron of 
ferritin, either in ferritin itself or in the ferric hydroxide precipitated from 


it, is always, within the limits of error, of one definite magnitude, cor 


responding to a moment of 3.8 B. M. This is almost precisely the value 
postulated for four covalent dsp? bonds (Table VI). The configuration 


around the atom may be always an octahedron, but only four of the six 
bonds, located in one plane at the corners of the square, are essentially 


valent Che only objection against this interpretation is that the agree- 


ment between theory and experiment is almost too good. One would have 
expected that the orbital contributions of the 3 unpaired electrons would 
not be completely quenched and would result in slightly higher value of 
susceptibility and moment. However, here slight uncaleulable secondary 
influences, such as a slight Fe—Fe interaction, may cancel the effect of 
orbital contributions. The most probable conclusion is that the iron of 
ferritin is alWays in a particular one of the three possible states, namely 


the one th four covalent bonds, whereas, in general, in colloidal iron 


compounds it varies within wide limits. 
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Other Ferric Compounds of Biological Interest, Belonging to Sam Type 
As Ferritin—Among the cases known so far in which an iron complex of 


hemoglobin 


biological significance magnetically resembles ierritin, ter 


(alkaline methemoglobin) must be mentioned, for which Corvell, Stitt, 


and Pauling (3) found a susceptibility of 10%, 8340, corresponding to 
an effective moment of 4.47 B. M., which is near that for spin contribution 
ot 3 unpaired electrons (3.87). This was the first case which suggested 


to these authors that in an octahedral complex there are only four dsp? 
bonds instead of either six covalent d sp bonds, or six ionic bonds [t is 
noteworthy that only the hydroxide but not the chloride of methemoglobin 
shows this value. It is possible also that the ferric form of evtochrome ¢ 
is capable, under certain conditions, of existing in a similar magnetic state, 
since Theorell (18) found susceptibilities, on varving pH, changing from 
those characteristic for 5 unpaired electrons down to those charact ristic 
for 1 unpaired electron. Since, however, with varving pH the suscepti 


; 


bility of cytochrome continuously varied from 13,000 to 2500 approxi- 
mately, the assumption of intermediate state is not so cogent, because all 
intermediate values might have been brought about by mixtures of the 
two extreme states alone For catalase it had been suggested b ne 
authors (19) that this substance might belong to the group of iron com- 
pounds with 3 odd electrons. \dditional experiments to he published 
later make this doubtful, although it remains certain that it does not 


belong to the group with | odd electron 


SUMMARY 
The iron atom in a ferric compound may be in one of three possible 
magnetic states, containing either 1, 3, or 5 odd electrons 
by values of magnetic susceptibility and magnetic dipole moment which 
are shown in Table VI. In iron complexes in general there are six coordina 


tion bonds or valence sand the compl . may be consi ered as an oct ih iron 


If all six bonds are ionic, there are 5 unpaired electrons if all six bonds are 
covalent, there is 1 unpaired electron The rarely oecurring state in 
which only four of the bonds are covalent, has 3 unp ired electrons Phi 
magnetic susceptibility of a ferric complex has three ver ferent values 


according to which of those three ty pes 1t represents 
The main contribution of the susceptibility is due to the electron spin, 
and for the 5 odd electron state the spin is the sole mtripbuting tactor 


For the other states, a slight contribution mav also be furnished 


orbital motion of the electrons which raises the susceptibilitv to a certain 
extent over the value theoretically exper ted fron pil ilor Chis in 
crease is howe vel relatively small ind doe Ss not prevent the ! ognition 


of the class to which anv individual ferrie compound belong 
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It is not possible as yet to predict which atoms or atomic groups are 
bound to the iron by ionic, and which by covalent bonds. However, cer- 
tain considerations regarding the valence angles permit us to state under 
what condition a bond cannot be a covalent one. 

The iron of ferritin is most likely present in the form of micelles of ferric 
hydroxide interspersed in the apoferritin crystal lattice in the spaces be- 
tween the protein molecules. A comparative study of a great number of 
preparations of colloidal ferric hydroxide and of ferritin reveals the follow- 
ing facts 

The iron atoms of colloidal ferric hydroxide in any one preparation are, 
in general, not equivalent but in different magnetic states. The two ex- 
tremes of all the cases occurring are represented by those with almost all 
iron atoms in the 5 odd electron state and, on the other hand, by those 
having most of the iron atoms in the 1 odd electron state, depending on 
the manner in which the compound is prepared. The iron of ferritin, 
however, is always in the one of the three possible states corresponding to 
the rarely occurring 3 odd electron state. This property is not due to 
the particular binding of the iron in ferritin but is even inherent in the 
amorphous ferric hydroxide prepared from ferritin by precipitation with 
alkali. The susceptibility observed is exactly that for the 3 odd electron 
state with spin contributions alone. 

The interpretation for the variability in those colloidal preparations is 
that ferric hydroxide does not exist in the form of individual molecules of 
Fe(OH); or, better, Fe(OH)3;(H,O);, but rather that a partial dehydration 
takes place, establishing oxygen bridges from one Fe atom to another, thus 
producing neighboring octahedral complexes with shared corners and 
edges. The oxygen of such a bridge may be sometimes bound by covalent, 
sometimes by ionic bonds, according to the valence angles established. 
In contrast to the great magnetic variability of colloidal ferric hydroxide 
in general is the constancy of that in ferritin or preparations derived from it. 

The effects of temperature and of Fe—Fe interaction are discussed and 
are shown not to invalidate the above considerations. 

Reduction of ferritin by NaeS,O, results in a ferrous compound of the 
same magnetic state as in FeSO,. No fluorine or cyanide complex of 
ferritin could be detected either by magnetic or by optical methods. 
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Battelli and Stern (1) in 1914 extracted indophenol oxidase from animal 
tissue, an enzyme complex which catalyzes the oxidation of p-phenylenedi- 
amine and of succinic acid by molecular oxygen. JXeilin and Hartree (2) 
and Stotz, Sidwell, and Hogness (3) were able to show that these reactions 
are mediated by eytochrome c. In accordance with their suggestion, the 
term evtochrome oxidase is used now to designate the complex of enzymes 
which brings about the reaction between cytochrome Cc and molecular 
oxygen. Using the method of carbon monoxide inhibition and reversal 
of this inhibition by light, Melnick (4) has recently demonstrated 
Warburg’s oxvgen-transferring enzyme (5) to be an integral part of this 
complex. In addition to Warburg’s oxygen-transferring enzyme, cyto- 
chrome a (6) and another tron compound (7) may participate in the en- 
zymatic oxidation of cytochrome c. The oxidase preparations of Keilin 
and Hartree (2) and others consist of insoluble particles and, therefore, 
attempts to fractionate and purify the oxidase have as yet been unsuccess- 

ful. In this paper a method of extraction will be deseribed whereby 
cytochrome oxidase can be obtained in better yield and with higher ac- 
tivity per unit of dry weight than that previously reported. Furthermore, 
by exposing the enzyme suspension to ultrasonic radiation and subsequent 
high speed centrifugation, a clear solution containing Warburg’s oxvgen- 
transferring enzyme is obtained. 

Enzyme Test--For the determination of oxidase activity a method similar 
to that of Keilin and Hartree (2) and Stotz, Sidwell, and Hogness (3) is 
used with slight modifications. Cy tochrome c is reduced by hydroquinone 
and subsequently reoxidized by molecular oxygen in the presence of the 
oxidase complex. The rate of oxygen consumption is measured in the 
usual way in Warburg manometers. Inactivation of the enzyme to the 
extent of 25 per cent in 5 minutes takes place under the experimental 
conditions of previous test methods. Furthermore, considerable autoxida- 
tion of the substrate had to be taken into account. ‘The test, as carried 
out here, offers certain advantages because the rate of the reaction remains 
constant for the duration of the experiment and because the reaction will 
not proceed when any one of the components of the test system is omitted. 
The results of typical experiments are given in Figs. 1 and 2. 
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Extraction of Cytochrome Ox dase Pig heart is used as a source of the | al 
oxidase and passe d through a meat grinder after having been freed of fat al 
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the | at room temperature in a mechanical porcelain mortar. Microscopic ex- 
| amination at this stage reveals pieces of broken cells with none of the myo- 
cardial fibers remaining intact. The tissue pulp is collected and kept in 
this form for 10 hours at 0°. Extraction of the oxidase from the autolyzed 
tissue is accomplished by adding 900 ec. of 0.05 M ammonium-ammonium 
chloride buffer of pH 10.4, followed by mechanical grinding in the mortar 
for 1 hour at room temperature. The suspension is centrifuged for 1 
hour with a gravitational force of about 3000 times gravity, resulting in 
700 ec. of a red, opalescent supernatant which contains the oxidase. The 
enzymatic activity of this first extract, determined as described above, is 
shown in Experiment I of Table I. After cooling to 0° the enzyme is 


TABLE | 
| nzymatir iclivil / ajte7 Extraction, Pre cipitation, and High Speed Ce ntrifugation 
7. 20 - gas phase, air 
Ext me tI rT ] | iment II, 0 > ce 
eB ees enzyme 1.6 mg Experiment III, 1.0 cc. enzyme (after 
fter acid pptn., was! centrifugation for 90 min., 10,000 g 
and resuspensi 
Oxygen uptake 
”r mm c.mm c.mm 
15 S| 81 39 
Yield, 100% Enzyme in solution, 48% 
7 S] ! 
At 25° Qo 203 (e.mm. O, per mg. per hr 
| tp 
34 } 2035 S12 


ren consumption at 39° was 4 times as great as that at 25°, only the initial 


precipitate d at pH 5.6 by slowly adding 14 ec. of 2 M acetate buffer of 
pH 4.5. The enzyme is separated by centrifugation at 0° and the clear, 
red supernatant is discarded. The precipitate is washed with 1.2 liters of 
cold water, centrifuged off, and finally suspended in 350 ec. of 0.05 Mm 
ammonium-ammonium chloride buffer of pH 9.5. The suspension thus 
obtained contains 32 mg. of protein per cc.; a determination of the en- 
zymatic activity is given by Experiment II in Table I. In order to deter- 
mine the amount of enzyme which has actually gone into solution, high 
speed centrifugation was carried out on the 20-fold diluted suspension 
Experiment III). 

The result of Experiment II indicates that the oxidase can be precipi- 
tated and washed under these conditions without loss of activity. When 
the results of Experiments II and III are compared, it becomes apparent 
that after mechanical disintegration of the tissue and subsequent autolysis 
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a considerable fraction of the oxidase is now solubl \s another con- 
sequence of the radical disruption of the cellular structure, 15 times as much 
enzyme can be extracted here as could be obtained by following Keilin’s 
procedure. In addition, the removal of inert tissue by autolysis leads to 
an oxidase preparation which is 6 times as active per unit ot drv_ weight 
as previous pre parations 

The oxidase is fairlv stable in alkaline solution but loses its activity 
rather rapidly in slightly acid or neutral solutions, as demonstrated in 
Fable I] 
: Rema Pertaining to Isolation Procedur Despite its sensitivity. to- 


ward acid media the oxidas ean bye separated ithout ‘nV mmactivation m 





- 


the procedure outline l above prestumal owing Oo protection ol the 


enzyme by inert proteins and products of autolysis present in solution 


However, an additional precipitation without this precaution causes the 
loss of 50 per cent of the enzymatic activity High speed centrifugation 
| I] 
/ f ‘/; ; / f 
» > >) 
of the solution reve that the amount of dissolved oxid remains un 
changed before and after acid precipitation This fact indicates that no 
irreversible aggregation has taken place The amount of oxidase brought 
nto solution depends on the conditions of autolvsis l ition; further 
more, it is subject to iriations in the starting material Kon example 
Prepal ito}! 3 as tre ited essentialh is before. except ! 1 te} VAS 
idded to facilitate the grinding of tissue followed by autolysis at room 
temperature Che total vield of enzvm«e is lower than before, but th 
ietivity per unit of drv weight was high and after 65 minutes of centrifuga 
tion in a gravitational field corresponding to 12,000 > i clear solution 
was obtained which contained 65 per cent of the original activity In 
nother preparation (C) heart muscle was cut into small pieces and kept fot 


1 day at 0° before it was subjected to the usual procedure of grinding and 


extracting This mav have impaired somewhat the efficieney of the ensu 
ing autolysis, as vield and purity were found to be lower than usual, and as 
onlv 23 per cent of the initial activity remained in the water-clear supet 


natant altel high speed ntrifugation 
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Thorough mechanical destruction of the tissue is essential in order to 
obtain an enzyme preparation of high activity which at the same time con- 
tains most of the oxidase in soluble form. ‘To demonstrate this point we 
have extracted the oxidase in the usual way after grinding the tissue for 
varying periods of time in the mechanical mortar. The enzymatic ac- 
tivity of the suspension (first extract) and of the solutions which were 
obtained after 45 minutes of high speed centrifugation was determined as 
previously described. The results are given in Table III. 

Ultrasonic Treatment— After it had been observed that upon prolonged 
grinding of heart muscle with simultaneous autolysis a fraction of the 
enzymatic activity could be obtained in solution, it appeared desirable 
to adopt a supplementary method by which a more extensive disintegration 
could be achieved. Such additional treatment could be expected to bring 
a larger fraction of the oxidase into solution. Ultrasound waves of high 


TABLE III 


Effect of Mechanical Disintegration on Yield and Solubility of Cytochrome Oxidase 


: 0.15 cc. oxidase solution 
‘ ise per l 
1 after high speed centri 
t extract l . 
rin P : fugation raction of oxidase 
in solution 


Oxygen uptake in 15 min 


mm mm per cenl 
10 10.5 26 
5 SO 11.5 17 
}? 102 61 60 


intensity have previously been used successfully in breaking up larger 
molecules into smaller components. Starch has been depolymerized to 
dextrin (8), hemocyanin molecules were irreversibly split into fragments 
of one-half and one-eighth of their original weight (9), and polystyrene 
with a molecular weight of 850,000 has been decomposed into particles 
of one-thirtieth of its original size (10). 


The studies of Chambers and coworkers (11) merit particular mention 


among investigations dealing with sonic treatment of proteins and en- 
zymes. French (12) produced complete lysis of photosynthetic bacteria by 
applying supersonic vibrations. Although photosynthetic activity is not 
preserved after such treatment, the liberation of a water-soluble protein- 
chlorophyll-carotinoid compound with unaltered optical properties should 
be of importance in future studies on photosynthesis. 

Only negative results have been obtained in previous attempts to employ 
sonic methods in the preparation of enzymes. Peroxidase in milk, catalase 
in blood (13), and polyphenol oxidase in fruit extracts (14) are rapidly 
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inactivated. When sonic radiation was used for extraction of /(+)- 
alanine oxidase (15), only a very small yield was obtained, probably also 
due to inactivation of the enzyme: It seems, therefore, that this method 
has been limited until now to substances more stable than enzymes. The 
effects of ultrasound on the protein are accompanied by secondary effects 
due to the transformation of sound energy into heat by the solvent. In 
the construction of the ultrasonic oscillator, provisions were made to 
control such secondary effects. As a result, this method proved to be a 
useful tool in splitting and dissolving the native cytochrome oxidase. 
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Fic. 3. Equipment for ultrasonic irradiation of the enzym« 1 tir chamber 
jul} 
B cellophane membrane 0.08 mm. in thickness, ¢ quartz crystal 41 mm, in 
diameter, D porcelain insulator, enzyme solution, / tin-foil, G cello 
phane membrane 0.04 mm. in thickness, Th thermomete 


Ultrasound waves were produced bv a ple Zon lect rie quartz oscillator (16 
a diagrammatic sketch of the apparatus is given in Fig. 3 

The quartz plate serving as the oscillator had been cut to correspond to 
iresonant frequency ol 360,000 cvceles pel second \. T. cut) (17). By 
mounting the quartz plate on a cellophane membrane an air cushion is 
created which decreases damping of the vibrating crystal and which, in 
addition, will reflect all of the sound energy in the desired direction (18). 
The connection of the ery stal with the electrical circuit consists of a sheet 
of tin-foil on the bottom and of a brass ring with bronze springs on top of 
the quartz plate. The power forthe excitation of the piezoelectric crystal 


so 
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is supplied by a high frequency generator which essentially comprises a 
transformer, a high voltage rectifier, and a Hartley oscillator. With 
a high frequency peak voltage of 5800 volts the high frequency current 
passing through the oscillating crystal amounts to 0.34 ampere and about 
{5 watts of ultrasonic energy are emitted. The sound waves are propa- 
gated in a vertical direction into the reaction vessel. The enzyme solution 
is exposed to ultrasound in a glass tube which is closed at the bottom by a 
cellophane membrane which is impervious to water. Reaction vessel and 
oscillator are immersed in an oil bath which can be cooled efficiently by a 
refrigerator unit circulating alcohol at —20° through the copper coil, as 
indicated. ‘The entire unit is mounted inside a closed container to prevent 
condensation of moisture on the cooling coil. The temperature in the 
reaction vessel is measured with an alcohol thermometer; a mercury ther- 
mometer cannot be used because of the formation of a luminous are inside 


TABLE IV 
Effect of Ultrasonic Radiation at Different Hydrogen Ion Concentration 


Fraction of oxidase dissolved : 
Inactivation by 


pH ultrasound 
Before irradiation After irradiation 
per cent per cent per cent 
6.5 12 38 32 
7.0 15 4] 30 
8.2 $8 77 28 
9.5 47 SO 54 


the capillary due to the influence of ultrasound. After a concentrated 
suspension of the enzyme has been exposed to ultrasonic radiation, it is 
diluted and centrifuged for 100 minutes at 0° with a gravitational force 
corresponding to about 10,000 times gravity. The amount of dissolved 
oxidase is determined by measuring the enzymatic activity in the resulting 
supernatant solution. A number of experiments were performed under 
various conditions in order to establish optimum conditions for the appli- 
cation of ultrasound. The influence of the hydrogen ion concentration on 
the solubility of the oxidase was measured before and after exposure to 
ultrasound at 21°. The results are summarized in Table IV where it is 
demonstrated that throughout the pH region investigated a considerable 
fraction of the oxidase can be brought into solution as a result of ultrasonic 
treatment. This fact is brought out even more strikingly in an experiment 
to be described in detail later. 

‘The author is indebted to Dr. Gerhart K. Groetzinger for valuable advice in 


designing the electrical equipment and to Mr. Romuald Ficnerski for cutting the 


piezoelectric crystal. 
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Ultrasound waves apparently exert their dissolving effect by splitting 
of larger particles into smaller units; that is, fragments too small to undergo 
sedimentation under these conditions. Disintegration of the particles 
by ultrasound could be achieved only by simultaneously applving elevated 
temperature. The effect of sound waves as a function of temperature is 
demonstrated by the data presented in Table V. 

The results of Table V indicate that at low temperatures the action of 
ultrasound is negligible, whereas the same energy when applied at a slightly 
elevated temperature is sufficient to split the enzyme complex. The ob- 


served inactivation at higher temperature is again a function of the joint 
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without simultaneous irradiation neither dissolves nor inactivates the 
oxidase. The influence of an atmosphere of nitrogen or oxygen, during 
sonic radiation, was investigated by exposing an enzyme solution to ultra- 
sound for | hour at 32° and pH 8.1. ‘To demonstrate more clearly the 
dissolving action of ultrasound, enzyme Preparation C which originally 
contained only a small fraction of oxidase in solution was used here. The 
results appear in Table VI 

Tank nitrogen was used throughout this experiment and no attempt was 
made to remove possible traces of oxygen, but, in any case, ultrasound 


seems to be slightly more effective in the presence Ol Oxygen. 
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Experiments with High Speed Centrifuge—The amount of oxidase dis- 
solved under different conditions of autolysis or ultrasonic radiation 1s 
determined by measuring the enzymatic activity which remains in the 
clear supernatant fluid obtained after high speed centrifugation at 0°. 
The motor-driven centrifuge is of the Beams type in which celluloid test- 
tubes are mounted in the rotor at an angle of 20° with the axis of rotation. 
The experiment, summarized in Table VII, was designed to test the in- 
fluence of viscosity on the rate of sedimentation. The enzyme solution 
had been irradiated with ultrasound and was then diluted so that different 
concentrations of protein were present in the solution containing 0.01 M 


ammonium buffer of pH 8.2 


TaBLe VII 
Sedimentation at Various Protein Concentrations after Centrifugation for 90 Vinutes 
at 10,000 * q 
I centrat Activity in supernatant solution 
per cent 
7.9 OO) 
1.5 77 
TaBLe VIII 
Sedimentation at Vario Velocities and Lengths of Time; Protein, 9 Mq. per Ce 
Activity in supernatant 
solution 
per cent 
15 mit 1 500 @ 66 
5 12.000 65 


The density of the solution evidently is not a limiting factor in the 


sedimentation of the oxidase. This conclusion is supported by another 
experiment in which the protein concentration is kept constant while time 
and velocity of centrifugation are varied (Table VIII). Enzyme Prepara- 


tion B was centrifuged in 0.06 mM buffer at pH 7.1 without previous exposure 
to ultrasound. 

In order to indicate the conditions finally adopted for ultrasonic radia- 
tion, for high speed centrifugation, and for determination of the enzymatic 
activity, a detailed description of an experiment is given. The enzyme 
solution (Preparation C) contains 24 mg. of protein per cc. of 0.05 M am- 
monium-ammonium chloride buffer of pH 8.1. 10 cc. of this solution are 
exposed to ultrasonic radiation of about 9 watts per sq. em. for | hour at 
32° in an atmosphere of oxygen. Aliquot portions of the solution before 
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and after irradiation are diluted to contain 1.5 mg. of protein per cc. of 
0.003 m buffer. After 2 hours of centrifugation at 0° with a gravitational 
force of about 10,000 g, a water-clear, slightly vellow solution is obtained 
which exhibits a fairly pronounced Tyndall effect. The amount of active 
enzyme in the supernatant solution and in the original suspensions before 
and after ultrasonic radiation is determined as indicated in Table LX. 
The results of Experiments I and III indicate that originally 23 per cent 
When Experiments I and IV are 


of the oxidase was in solution. com- 


vared, it becomes apparent that after ultrasonic irradiation 72 per cent 
| pI} | 


Taste IX 


Determination of Enzyme Activity 


enzyme suspension untre ited; Kxperime nt Il, enzyme s ispension 


supernatant solution obtained after 


Experiment | 


irradiated with ultrasound; Experiment III 


centrifugation of the untreated enzyme; Experiment [V, supernatant solution ob 


tained after centrifugation of the irradiated enzyme. T7', 25°; gas phase, ail 
Expe ’ I Expe : II ill I\ 
] oU cc. enzyme 
0.65 water 
0.25 0.5 m phosphate, pH 7.1 | 
1.0 mg. cytochrome « | 


3.0 “ hydroquinone 


Oxvgen uptake 


! 
5 26 27 5.5 IS.5 
LO 52 54 1! 5 ) 5 
15 wi 78 17.5 55 
Activity after irradiation, % 100 
‘* high speed centrifugation, % 23 72 


of the oxidase has become soluble. From Experiments I and II it can be 
concluded that ultrasonic treatment is feasible here without inactivation, 
whereas in previous experiments with purer enzyme preparations consider- 
able inactivation took place. It is not an uncommon observation in 
enzyme chemistry that in the early stages of purification an enzyme may 
withstand a much more severe treatment than in its purified form. 

The dissolving action of ultrasound can be estimated by visual examina- 


A photo- 
graph of two centrifuge tubes taken after 2 hours of spinning in a field cor- 


tion of the oxidase solution, preferably after centrifugation. 


responding to 10,000 g demonstrates this point (Fig. 4) 
While the amount of precipitate is considerably reduced by irradiation, 
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Fie. 4. Tube 1, enzyme untreated, enzymatic activity of supernatant = 23 per 
ent; Tube 2, enzyme exposed to ultrasound, enzymatic activity of supernatant = 
72 per cent 
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hig. 5. Inhibition by carbon monoxide and the action of light (oxygen con 
sumption catalyzed by the soluble oxidase Curve 1, oxygen uptake in O.; Curve 
2, oxvgen uptake in 5 per cent O. + 95 per cent CO. Light source, 500 watt projec 
tion lamp (light beam passed through a heat-absorbing filter); temperature, 20°. 
L.SO ce. of oxidase solution (as in Experiment IV, Table LX); 0.45 ec. of water; 0.25 
ec. of 0.5 mM phosphate, pH 7.1; 1.0 mg. of cytochrome c; 3.0 mg. of hydroquinone. 
the enzymatic activity of the clear supernatant increases 3 times. Here- 
tofore, cytochrome oxidase preparations were thought to consist of very 
finely divided suspensions of muscle tissue (2) which could he precipitated 
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by comparatively weak gravitational fields. The oxidase as prepared here 
can be obtained as a clear solution and does not sediment atter 2 hours of 
centrifugation in a field corresponding to LO,O00 ¢. The Tyndall etfeet 
of the enzvme solution seems to indicate the presence ol lara molecules. 
but a comparison of Stern’s ultracentrifugal data (19) with results pre- 
sented in Fig. 4 suggests that in our case the particles have undergone a 
considerable diminution in size owing to autolysis and ultrasonic treatment, 

Warburg's Oxygen-Transferring Enzyme—Warburg’s classical method 
20) of determining the oxvgen-transterring enzvme in living cells has 
been applied here to demonstrate its presence 1n the clear oxidase solution 
obtained after ultrasonic radiation and high speed centriugation In the 
following experiment it is shown that the oxygen consumption can be 
inhibited by carbon monoxide and that the inhibition is completely re- 
leased by visible light (Fig. 5 

The result of this experiment proves that the enzyme in solution responds 
to carbon monoxide and light in the same wav as it does when attached 
to the structure of the living cell. This indicates that the enzyme present in 


solution is identical with Warburg’s oxvgen-transmitting enzvme 


SUMMARY 


} 


|. With a modified isolation procedure a cytochrome oxidase preparation 
has been obtained from heart muscle with 15 times better vield and with 
(} times higher activity per unit of drv weight than previously described. 
The re sulting enzyme preparation can be stored under suitable conditions 
for more than 4 weeks without appreciable loss in activity 

2. The analytical method has been Improve d,so as to eliminate Inactiva 
tion of the enzyme during the determination of evtochrome oxidase ac 
tivity Furthermore, no reaction will take place in the absence of the 
enzyme and consequently the determination of blank rates has become 
superfluous 


3. The effect of mechanical disinte gration ol the tissue on vield and solu 
bilitv of the oxidase has been investigated and it has been shown that by 
a combination of mechanical de composition with autolvsis and ultrasonk 
radiation a soluble evtochrome oxidase preparation can he obtained 

!. The construction of a piezo lectric ultrasound generator is described 
\ study of the effect of ultrasound on the solubilitv of evtochrome oxidase 
led to the establishment of optimum conditions for ultrasonic treatment ot 
the enzyme In consideration of the results with evtochrome oxidase the 
utilization of ultrasound waves as a future me thod in enzvme chemistry 
seems promising. 

5. The solubility of evtochrome oxidase has been investigated under 


various conditions by high speed centrifugation. It was found that the 
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enzymatic activity remains in the clear supernatant solution even after 
2 hours of centrifugation in a field corresponding to 10,000 times gravity. 

6. The presence of Warburg’s oxygen-transferring enzyme in the clear 
solution and its participation in the enzymatic oxidation of cytochrome 
have been demonstrated by inhibition of the reaction with carbon monoxide 


and reversal of the inhibition by light. 


I should like to express my thanks to Professor T. R. Hogness, who is 
now on leave for government service, for his continued interest and en- 
couragement in the course of this work. We are particularly indebted to 
the Rockefeller Foundation for financial support which has made this work 
possible. 
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The method of directly displacing mercury by means of a micrometer 
spindle (1) has proved in practical use to have certain advantages for 
precise measurement of the delivery of small amounts of liquid. Micro 
volumetric measurements by this method can be made with high accuracy, 
and the system has been applied to volumetric measurements of liquids and 
gases in several new micro analytical procedures (2-5). The micrometer 
method of measurement has likewise been found useful for the accurate 
calibration of micro pipettes and other micro volumetric instruments. In 
the course of making these applications several useful modifications of 
the apparatus and procedure have been developed, and the relative and 
absolute accuracy of the measurements which can be made has been ex- 
amined. ‘The modifications of form and the accuracy obtainable by their 
use will be deseribed. 

For the calibration of the pipettes and syringes used for the micro- 
estimation of CO in blood (2) it proved convenient to cut the original 
micrometer burette a em. above the bulb. The instrument to be calibrated 
was then connected vertically with the burette through a stiff piece of 
rubber tubing and the solution to be measured was delivered directly into 
the pipette from the bulb of the burette. The convenience of having a 
straight burette for the calibration of pipettes as well as a delivery burette 
for titration led to the idea of using a standard base with delivery parts 
interchangeably applicable for calibration or titration. 

By placing a ground joint between the bulb and the spindle chamber, 
as is shown in Fig. 1, the same micrometer and chamber can be used with 
the calibration burette as well as with the delivery burette. The joint 
also makes it easier to assemble the instrument and to clean the bulb and 
capillary. With this type of burette, the same measuring instrument is 
used to calibrate pipettes and to measure the amounts delivered during 
titration. It is necessary to use all-steel micrometers, 

The construction of the micrometer burette is shown in Fig. |. On the 
spindle chamber may be fixed a burette (4A) for titration, or a burette (B) 
for calibration, or any tube in which it is desirable to make a precise volu- 
metric measurement. The volume of the bulb should approximate the 
volume displaceable by the spindle. The tip of the burette may be shaped 
as required. For the delivery of water, a Shohl needle tip (6) serves ex- 


195 
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cellently. Before the burette is assembled, a medium heavy grease! is 
applied to the micrometer spindle. A steel disk (Fig. 1, 7), with a center 
punch mark as a recess for the set-screw (3), is connected to the closed end 
of the spindle chamber, and a lightly greased fiber or paper gasket (2) is 
placed against the spindle bearing. In case of a bad fit between spindle 
and bearing, it is best to use a fiber gasket closely fitting the spindle. The 
glass spindle chamber is placed in the micrometer and the set-screw tight- 
ened. The spindle is retracted until flush with the face of the bearing, and 
the chamber is then filled with mercury through the open socket. It is 





| 
| 
a 





£ 
. j 
—) 
“2 a 
' 
Fig. | Micrometer burette 1, assembled titration burette The burette 
can be furnished with a Shohl needle tip as indicated. B, delivery burette used in 
calibrating other instruments 1, steel disk: 2, fiber gasket: 3, set-serew The 


clearance of the spindle in the mercury chamber should be made smaller than in 


dicated in the drawing 


necessary to remove all air bubbles from the system. Air bubbles ad- 
hering to the walls are removed by touching the bubbles with the tip of a 
fine steel wire and leading them out. Trapping air bubbles at the ground 
joint can be avoided by placing a few drops of water or titration fluid on 
top of the mercury in the socket before inserting the upper part of the 
burette. If necessary, extra mercury is drawn in through the tip. The 
spindle chamber should be made as small as it can be conveniently made to 
clear the spindle. This together with considerate handling makes the 
instrument sufficiently stable to temperature to render a water jacket un- 
necessary. For other details the original paper (1) should be consulted. 


Nevastane X heavy grease, made by the Keystone Lubricating Company, Phila 


delphia, has been found to be suitable 
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Accuracy-—The full travel of the spindle of metric scale micrometers is 
25 mm., which is marked off in 2500 scale divisions. Each scale division 
ean be further divided into five parts by estimation. The accuracy of 
delivery in the micrometer burette has been determined in three ways: 
(a) by the regularity of micrometer scale readings found in successive 
filling between two marks on the burette itself, (b) by weighing a delivered 
amount of mercury, (c) by weighing a delivered amount of water. 

For the relative calibration one hair-line was placed on the capillary 
of the burette below the bulb and another above the bulb. The volume 
of dry mercury required to fill between the two lines was then determined 
on the micrometer. In the two micrometers tested the discrepancy be- 
tween ten successive readings was not more than 0.2 of the smallest scale 
division, which is as close as one can surely read the meniscus and the 
micrometer. This indicated that repeated displacements of about 0.6 


TABLE | 
Comparison of Four Sections of Micrometer Spindle by Weight of Mercury Delivered 
(Micrometer, Cenco No. 2) 


The values represent mg. of mercury delivered. 


rravel of micrometer spindle 


Maximum 
discrepancy 
25-20 mm 20-15 mm 15-10 mm 10-5 mm 
2151.0 2151.0 2151.4 2151.1 0.7 
2151.5 2151.0 2151.1 2153.9* 
2151.2 2151.0 2150.8 2151.0 


* Accidental, bad cutting off of last drop of mercury. 


ml. can be made which differ only by 1 part in 10,000. A relative measure 
of the uniformity of the spindle was made by measuring the volume be- 
tween two marks on the capillary, one mark just above the bulb and the 
second on the delivery tip at the same horizontal level as the first. The 
volume between the marks was determined with dry mercury, different 
parts of the micrometer spindle being used. A series of such determina- 
tions showed the micrometer spindle to be uniform over its full length (1). 

A series of determinations was made in which mercury was delivered by 
displacement of different sections of the spindle. For this purpose the 
calibrating burette was used (see Fig. 1, B). The instrument. was held at 
a slight angle from the vertical and the mercury drops were caught in a 
weighing bottle as they were displaced by the movement of the spindle. 
With the micrometer set at the mark the mercury protruding from the 
capillary was cut off with a razor blade. Table I shows the comparison 
of four sections, of 5 mm. each, of the micrometer spindle. The relative 
agreement of the sections was within | part in 3000. 
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In order to find the absolute amount delivered trom the burette, water 
was delivered into the bottom of a high and narrow ordinary specimen via] 
(8 X 40 mm.) through a Shohl type 24 gage needle tip which dipped into 
the water. It was found that no loss of weight by evaporation could by 
detected within the time necessary for the weighing operations if the vial 
was only one-sixth filled, and not handled directly. With these preeau- 


tions convection due to heat of handling is prevented and the presence of q 


LABLE II 
Weights of Successive De erte of Wate vith 7 V/ Spindle 
510 4 Vn 
Micromet Wate ‘ r \I ] crepanc 
Starrett No. 1 736.2 736.3 0.2 
736.3 730.4 
736 ) 7396.3 
736.2 736.2 
736.3 7360.3 
Cenco Ne | 632.5 632.4 OZ 
632.4 632. 
632.4 632.5 
632.5 632 
632.5 632 
raBLe III 
C‘'ompa) mm lo S 6 I? Db i WV YD ( 
The values repres¢ g ne ry ae re 
\I 
134.9 135.3 :.S ia0.2 0.5 
130 | | 5) 0) + ‘ 
135.0 130.0 4.5 } 


} 


laver of the relatively heavy wate apor on the surface of the water re 


tards further evaporation and makes a stopper unnecessary This pro- 
cedure is simpler and quicker than use of either oil o stoppered weighing 
vessel. Phe vial comple tely filled with water showed a loss of 2 mg. pel 


5 minutes, whereas the vial only one-sixth filled showed a loss of less than 


0.1 mg. in 5 minutes lable IT shows a series of ten successive determina 


tions of the weight of water delivered by four-fifths the total capacity of 


the micromete! The greatest variation (with one exception) in both 
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micrometers was only 1 part in 6000 to 7000, which borders the accuracy 
of reading of the micrometers and the sensitivity of the balance. The 
weight of water delivered by the burette divided by the specifie gravity of 
the water at that temperature gives the volume delivered by the burette. 

In another series of experiments the micrometer burette was taken apart, 
the micrometer regreased, and the instrument reassembled four times 
altogether. After each reassembly the volume of water delivered by 15 
mm. of spindle travel was weighed. These volumes (about 500 ¢.mm.) 
agreed within 0.3 mg. Thirty smooth deliveries in succession agreed 
within 0.1 mg. After 50 rapid screwings out and in of the micrometer 
plunger the grease finally wore out of the bearing and resulted in 1 mg. too 
small delivery out of 500 mg. As the absolute delivery varies within a 
slight amount according to the greasing of the spindle, it may be necessary, 
for extremely accurate work, to check up once in a while on the absolute 
delivery by weighing. 

Comparing the volume of water delivered with the volume calculated 
from the dimensions of the dry spindle, we have found a slight discrepancy, 
of the order of from 0.05 to 0.2 per cent. The difference can be attributed 
in part to the thin film of grease that follows the spindle in and out of the 
hearing. Another cause proved to be the fact that our low priced microm- 
eters were found to be slightly off standard when measured against a 
standard inch ring. For accurate calibration of the burette, weighing of 
delivered water is simple and the most satisfactory. 

It has been possible to make burettes for the accurate delivery of much 
smaller amounts by replacing the micrometer spindle with a smaller drill 
rod (4 Table IIT shows the delivery of mercury by means of such a 
burette in which a ;'g inch drill rod was used in place of the spindle. The 
amount delivered by 25 mm. movement of the spindle was 38 c¢.mm. The 
accuracy for 20 mm. travel of the drill rod was 1 part in 1000, and for 
each 5 mm. travel 1 part in 300 (see Table IIT). Some of this variation 
was due to difficulties in the delimitation of the mereury drops. 

It would be possible to make special micrometers with spindle diameter 
and seale made so as to deliver directly in c.mm. or decimal fractions 


thereof. 


SUMMARY 
Improvements in the original micro burette are described. The burette 
has interchangeable parts for titration and for the calibration of other 
instruments. It is easier to clean and easier to assemble than the original 
apparatus. The burette delivers the total capacity with an accuracy of 


| part in 6000 to 7000. 
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\lthough adsorbents of various kinds have been employed extensively 
in the preparation and purification of the gonadotropic hormones, the 
chromatographic type of adsorption of these substances has not been re- 
ported. As a matter of fact, this method has been used only to a limited 
extent for the purification of proteins and protein-like substances. 

The method which we have developed is based upon the use of adsorption 
columns in which permutit is the adsorbent.! Permutit has been used in 
this manner by Whitehorn (2) for the adsorption of nitrogenous bases, 
by Binkley, MacCorquodale, Thayer, and Doisy (3) in the isolation of 
vitamin K, and by Potts and Gallagher (4) for the separation of the active 
principles of the posterior lobe of the pituitary gland. In 1932, Lejwa 
5) purified the gonadotropic hormone by shaking urine with permutit 
for 2 hours and then eluting the adsorbed hormone with dilute NH,OH. 
He reported that active crystalline material was obtained which assayed 
1000 mouse units per mg. No data were supplied regarding the yield. 

Qur entire process is conducted in the cold room. We do not know 
that this is necessary but it was considered advisable in view of the lability 
of the hormone and length of time during which some of the columns were 
in operation. It is possible, however, that the hormone in the adsorbed 
condition may be sufficiently stable to allow the process to be carried out 
at room temperature. This point was not investigated. 

Urine obtained during the first half of pregnancy is chilled, filtered, and 
acidified to pH 3.5 with glacial acetic acid. Adsorption of the hormone 
takes place below pH 4, but very little of it is adsorbed at pH 5. If the 
hormone functions as a cation in the ionic exchange, then this indicates 
that pH 4 is below its isoelectric point. Since this is not in agreement with 
the work of other investigators which places the isoelectric point between 


* For lack of better terminology ‘‘chromatographic adsorption’’ is employed here 
to denote the adsorption on columns of the adsorbent even though the adsorbed 
material possesses no color. 

1 The data upon which this paper is based were presented on April 3, 1942, at the 
Thirty-sixth annual meeting of the American Society of Biological Chemists (1). 
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pH 3 and 3.5, it is possible that some other physical phenomenon is respon- 
sible for the adsorption. 

After acidification, the urine is filtered to remove the fine precipitate 
which usually forms and the clear filtrate is percolated through a column 
containing permutit (according to Folin). The bed of the adsorbent must 
be at least 14 to 16 inches deep. If too small an amount is used, there will 
be insufficient contact with the permutit and very little adsorption will 
take place. The rate of percolation may be controlled by the height of 
the head of urine or by using negative pressure. Adsorption is complete 
when 10 liters of urine per hour are passed through a column having a 
diameter of 4 inches and containing 2 kilos of permutit \s much as 700 
liters has been run through such a column without diminishing the effect- 
iveness of the adsorption 

The column is then washed with cold distilled water until the washings 
are neutral and practically colorless \ large amount of color is removed 
by further washing with 76 per cent ethanol followed by 76 per cent ethanol 
containing 10 per cent N HyAe No activ ity is removed by this treatment. 

The hormone is then eluted with 38 per cent ethanol containing 10 pet 
cent NH,yAc. NH,OH may also be used but it removes more impurities 
than does the acetate The eluate is collected in 500 ce. fractions and the 
active material is precipitated from the active fractions by increasing the 
ethanol concentration 

The columns may be used repeatedly after being flushed out first with 
dilute NH,OH until the washings are nearly colorless, then with dilute 
HCl, and finally with distilled water Some of our columns were used 
repeatedly for 2 vears but were finally discarded because the permutit 
particles were broken down and became so fine as to impede the perco 


lation 
The data in Table I which were obtained in ow preliminary studies 


show the adsorption of the hormone on the permutit and its elution with 


ethanol-N H,OH In most of these experiments 
and small volumes of urine were used, the adsorption Vas practically com- 


n which small columns 


plete In one instance in which a very potent urine was used, almost 1.5 
million units were adsorbed on 300 gm. of permutit The elution was 
usually complete. 3 m NH,OH i 


portion of the active material accompanied bv a large amount of inert 


about 60 per cent ethanol removed a 


material The remainder of the activity was removed in a much purer 
condition by reducing the alcohol concentration to 38 per cent, The 
active material was obtained in powder form by neutralizing the NH,OH 
with acetic acid and Increasing the concentration of aleohol until precipl- 
tation occurred 

It was in this phase of the investigation that we discovered that the 
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NH, Ac, which was formed from the neutralization of the NH,OH, increases 
the solubility of the hormone in alcohol and is as effective as NH,OH in 


eluting the adsorbed hormone. 


its use, this reagent was incorporated in the procedure. 


TABLE I 


Since purer products were obtained by 


Adsorption of Chorionic Gonadotropin on Permutit; Ethanol-NH,OH Elution 


Urine 

Pern \ me 
lotal activity 

k liler rat unil 

0.25 10 $40,000 
0.25 14 230.000 
0.30 28.5 193,000 
0.30 14.5 i, 450,000 
2.0 65 530.000 
? 0 60 396 , OOO 
2.0 WZ $26,000 


Elutrient 
Fer cent | Ethanol | NH: | Volume 
per cent uv liters 
> 99 57 3.0 1.0 
3S 3.0 1.0 
96 57 3.0 2.0 
38 3.0 1.0 
OO 38 3.0 <8 
>97 62 3.0 1.0 
38 3.0 1.0 
US 42 1.5 6.0 
>95 38 3.0 2.75 
>90 38 3.0 1.0 
TABLE II 


Per cent clutriated 


20 
80 100 
30 
61 " 
100 
- 98 
84 
80 
> 100 
> 100 


1d se pl on Of Chorionis Gonadotropin on Pe rmulit; Ethanol NH,Ac Elution 


Urine 
\ Total ac y 
iiler rat unil 
6.5 200 , 000 
17 650.000 
70 1 650,000 
135 6,900,000 
388 13,500,000 
565 15,000,000 
716* 16,000,000 
3607 5.000, 000 
$407 7. 500,000 


* HCI used in place of acetic 


t Coarser permutit 


Elution 


Per cent 


_ _ Volume Total activity distiintoa 
liters rat units 
>99 0.4 190, 000 95 
> 99 0.55 550 , 000 85 
>99 3.0 1,500,000 90 
>o9 +.0 6,340,000 92 
>99 3.0 12,800,000 95 
>99 + 15,000,000 100 
98.5 3.0 10,500,000 65 
96 1.0 3,500, 000 70 
98 3.0 6,500,000 85 
acid 


Table Il presents the data concerning the adsorption of the hormone on 


the permutit and its elution with ethanol-NH,Ac solutions. 


With the 


exception of the first two instances in which 300 gm. were used, these 


columns contained 2 kilos of permutit. 


The activity of the urine before 
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and after adsorption was determined by precipitating samples of urine 
with 10 volumes of alcohol and assaying the aqueous solutions of these 
precipitates. Usually the urines before adsorption contained only about 
20,000 rat units? or 10,000 1.v. per liter. 

The adsorption is practically complete even after 716 liters of urine 
containing a total of 16 million rat units have passed through the column. 
It is interesting to note that this is an adsorption of 8000 rat units per gm. 
of permutit without an apparent diminution of the effectiveness of the 
adsorbent. The elution with the 38 per cent ethanol-10 per cent NH,Ac 
solution is usually 85 to 100 per cent complete, the active material being 
distributed through 3 to 4 liters of the eluate but 70 to 85 per cent is usually 
present in 1 liter 

In one column in which hydrochloric acid was used in place of acetic 
acid for acidifying the urine, the vield was not goo l. Since this column 
had been in operation for 3 months, it is not known whether the poor yield 
was due to strong acid or the length of time that the column was used. 
We are inclined to believe it is the former, for we have found that some 
samples of urine show marked loss of activity after acidification with hy 
drochloric acid 

In two columns a coarser permutit was used in order to permit a more 
rapid percolation of the urine. While the vields in these cases were fairly 
good, the active material was not eluted sharply, being distributed rather 
uniformly through 2 to3 liters of the eluate instead of being largelv confined 
to 1 liter as was the case with the regular permutit 

The hormone in the eluate is fractionally precipitated with ethanol 
lhe most potent fractions, accounting for 89 to 95 per cent of the total 
activity of the eluate, are combined and the aleohol concentration raised 
successively in steps of 5 per cent from 60 to 80 per cent ethanol After 
each addition of alcohol, the precipitate is collected by centrifugation, 
washed with alcohol and acetone, and dried in vacuo. 

The results of such fractionations are shown in Table III. Occasionally 
the hormone precipitates from an alcohol concentration as low as 65 per 
cent or as high as SO per cent The former occurred onlv with the eluates 
from the columns containing the coarse permutit. Generally, however, 
the bulk of the activity precipitates rather sharply at 70 or 75 per cent 
ethanol concentration. By this means the bulk of the hormone is collected 
in a single fraction which seldom is less potent than 5000 rat units per mg. 
and the potency may be as high as 16,000 rat units per mg. The combined 
activity of the fractions shows that little loss is incurred in this fraction- 
ation. 

2 Our rat unit is based on the production of vaginal opening together with estrus 


in immature female rats. 1 1.v. is equal to 2 of our rat units 
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We have not attempted to purify the products having an activity greater 
than 10,000 rat units per mg. However, the potency of cruder prepara- 
tions may be substantially increased by extraction with ethanol-N H,Ac 
mixtures and precipitation with ethanol. 

As stated above, we have found that the solubility of the hormone in 
ethanol is increased by ammonium acetate, making it possible to obtain a 
considerable concentration of the hormone in 80 per cent alcohol. How- 
ever, if the concentration of this salt exceeds 20 per cent, some inactivation 
occurs. Because of its solubility in ethanol, ammonium acetate does not 
contaminate the final product. In our experience the most effective puri- 


TaBLe III 
Fractional Precipitation of Eluate with Ethanol 


Concentration of ethanol 


65 per cent 70 per cent 75 per cent 80 per cent a... 
Rat units Per cent Rat units Per cent Rat units | Percent | Rat units Per cent 
per mg activity per mg activity per mg. activity per mg. activity 
per cent 
770 17 16,600 83 100 
+, 500 80 3,500 20 100 
<200 6000 110 110 
<50 < 250 6000 80 95* 
< 500 3,000 26 8 000 SO 106 
3000 7 12,500 80 2,200 5 92 
3300 3 11,600 90 1,350 2 95 
2000 38 6,000 50 1,000 6 94 
3600 66 2,450 28 93 


*15 per cent of activity precipitated by 85 per cent ethanol. 


+ From coarse permutit. 


fication is accomplished by extracting the dry powders successively with 
the ethanol-N H,Ac mixtures as indicated in Table IV and fractionally pre- 
cipitating the active material in tnese extracts by gradually increasing the 
alcohol concentration. 

In the first columns of Table IV, the potency and quantity of the starting 
materials are given. The subsequent columns show the potency and per- 
centage of the total activity extracted by each ethanol-ammonium acetate 
mixture. The total activity recovered is recorded in the last column. 
The bulk of the hormone is usually soluble in 75 and 70 per cent ethanol 
containing 14 and 10 per cent ammonium acetate, respectively. The pre- 
cipitates from these solutions are considerably more potent than the start- 
ing material and account for the greater part of the activity. A repetition 
of the procedure with the cruder fractions results in additional purification 
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with practically no loss of activity. The purest preparations contained 
8500 1.U. per mg. by our rat assay procedure and about 8000 I.U. per mg. 
in the postpartum rabbit by Friedman’s method (6). This is about the 
same potency as that reported by Gurin, Bachman, and Wilson (7) for 
their most active preparations. 

One of the obstacles which is encountered in carrying out such interest- 
ing studies as those performed by Gurin, Bachman, and Wilson (7, 8 
with chorionic gonadotropin is the difficulty of obtaining adequate amounts 
of the highly purified hormone. The method which is described in this 
report should facilitate work of this nature, because its ease of manipula- 


PaBLE I\ 
Purification of Dry Precipitates by Extraction th Ethanol-NH,Ac Mixture 


per cent per cent per ce per 
I ara ur 10 per 1, 14 p " 10 pe 10 pe 
t NHsAc cent NHsAc nt NHsA& t NH Ac ote 
Pe Per Pe Pe .-. 
Rat units w,;.,, Rat units, cent Rat unit cent Rat units cent Rat unit cent ered 
per mg per mg ict per mg activ per mg act ? wctiv 
m en 
1.660 775 7.000 1) 7.000 1) 2000 | 9] 
1.800 110 660 j 5.000 9 1000 9 102 
» OOO 190 3,000 j 1 OOO 53 3300 50 107 
2 200 30 500 ; S_ O00 S| 1000 g 92 
5.500 60 16.000 10 1000 10 75 
§ 000 25 
7.500 55 $000 6 14.000 73 1000 ; Q5 
6,000 13 
10.000 10 17.000 14 17.000 13 N37 


tion and effective separation of inert material make it possible to obtain 
highly purified preparations in good yield from ordinary pregnancy urine. 

Chorionic gonadotropin loses its activity quite rapidly in dilute solution 
and more slowly when it is concentrated. Preliminary experiments to 
stabilize solutions of the hormone indicate that MgCl, gelatin, and, par 
ticularly, serum protein may decrease the rate of inactivation 

Due to more pressing demands upon our time the chemical studies of 
this hormone which were already in progress have been abandoned. It 
may be worth while to apply the chromatographic method to the gonado 
tropic hormones of castrate urine, pregnant mare serum, and the anterior 
pituitary as well as other physiologically active proteins. The use ol 
adsorption columns offers advantages which are not inherent in othe! 


methods of adsorption. 





i 
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SUMMARY 


A new method for the preparation and purification of chorionic gonado- 
tropin of pregnancy urine is described. This method is based on the chro- 
matographic adsorption of the active principle on permutit and its elution 
with an alcoholic solution of ammonium acetate. The hormone is pre- 
cipitated from the eluate by increasing the concentration of alcohol. 

Since ammonium acetate increases the solubility of the active material 
in aleohol, purification of dry preparations may be accomplished by ex- 
traction with aleohol-ammonium acetate solutions of varying concentra- 
tions and precipitation by increasing the concentration of the alcohol. The 
purest preparations have been found to possess a potency of 8500 I.v. 


per mg. 


We are indebted to the Theelin Fund administered by the Committee 
on Grants for Research of St. Louis University for financial support and 
to Miss Corinne Dewes for technical assistance with the assays. 
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In their study of the origin of the fat accumulating in the liver under 
various conditions, Barrett, Best, and Ridout (1) have demonstrated that 
when the etiology of the fatty liver was inanition, CHCl; poisoning, or 
administration of anterior pituitary extract the major portion of the fat 
coming to the liver arose from the depots. In contrast, they noted that 
when fatty livers developed in mice on a high carbohydrate diet poor in 
lipotropic factors much of the fat that appeared in the livers must have 
arisen from sources other than the depot fat. They concluded that under 
these circumstances a portion of the fat appearing in the liver was newly 
synthesized from carbohydrate of the diet. 

The technique employed by these workers was to label the fatty acids of 
the bodies of mice with deuterium by feeding relatively large amounts of 
deuterio fatty acids. When this is done, a high concentration of isotope 
soon appears in the fatty acids of the liver and a relatively lower concentra- 
tion in the fatty acids of the depot fat. Their conclusions are based on the 
levels to which the deuterium values of the liver fatty acids dropped during 
the development of fatty liver. There are certain apparent discrepancies 
hetween their data and those reported for similar experiments by Schoen- 
heimer and Rittenberg (2, 3). 

Schoenheimer and Rittenberg have shown that when the fatty acids of 
mice are enriched with isotope by a preliminary feeding of deuterio fatty 
acids, and the animals are then placed on a diet of bread crumbs, the deute- 
rium concentration in the body fats drops rapidly. From observations of 
the rate at which isotope disappears from the fatty acids of the body, an 
estimate may be made of the rate at which the labeled fatty acids are being 
replaced by unlabeled fatty acids. If the fat content of the animal is con- 
stant, the rate of disappearance of isotope is a fairly precise measure of the 
rate of catabolism of fat. If, in addition, the diet is free of fat, this rate is 
also a measure of the rate of synthesis of fat. On the basis of such experi- 
ments, Rittenberg and Schoenheimer (3) have arrived at a value of 5 to 9 
days for the half life of fatty acid molecules in the body of the mouse. The 
implications of this rapid turnover have been discussed by Schoenheimer (4). 


* This work was carried out with the aid of a grant from the Josiah Macy, Jr., 


Foundation, 
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The data of Barrett, Best, and Ridout (1), on the other hand, seem to 
indicate that under their experimental conditions the fatty acids of the 
depot were replaced at a much slower rate, if at all. In some experiments, 
in which, after a preliminary feeding of deuterio fatty acid, the animals were 
fasted, no alteration in the isotope concentration in the depot fatty acids 
occurred although the quantity of depot fat decreased during the period of 
fasting. This is in accord with the view that fatty acids were being burned 
but not replaced. More difficult to explain is the very slow rate of decrease 
in deuterium concentration of the depot fat when, after a similar prelimi- 
nary feeding, the mice were maintained on a high carbohvdrate or high 
protein diet. The decreases in deuterium concentration in the depot fat 
observed by Barrett, Best, and Ridout in mice after 7 days on a high carbo- 
hydrate diet are from 2.80 to 2.46, from 2.55 to 2.34, and from 2.51 to 1.94 
atom per cent D. Ona high protein diet the change in isotope concentra- 
tion was even less. Thus, after | week, the value had changed from 2.51 
to 2.55 atom per cent D, and in a 2 week experiment, the value dropped 
from 2.05 to 1.88 atom per cent D. The diserepancy becomes apparent 
when it is pointed out that from the results of Rittenberg and Schoen- 
heimer (3) one might have expected the isotope concentration to have been 
approximately halved in | week. 

It is clear that in the mice of Barrett, Best, and Ridout the isotopic fatty 
acids of their depots were not diluted with newly synthesized, non-isotopic 
fatty acid \ possible explanation for this failure of svnthesis is that the 
diet was lacking in one or more Ingredients necessary fo1 optimal fatty acid 
svnthesis Vitamin B,; was included in these diets but no other vitamin B 
supplements are mentioned in their report The specific need tor py ridox 
ine if fatty acids are to be synthesized from protein precursors has been 
described by McHenry and Gavin (5). Quackenbush, Steenbock, and 
Platz (6) have reported that pyridoxine together with pantothenic acid is 
as important in the diet as thiamine for the synthesis of fat from carbohy 
drate. As these supplements were wanting in the diet of Barrett, Best, 
and Ridout, the failure of svnthesis of new fat by their animals may be 
provisionally ascribe d to this deficienes 

To test this hy pot he SIS, adequate amounts of py ridoxine and pantothenic 
acid, together with nicotinamide and riboflavin, were added to a diet very 
similar to the high carbohvdrate diet of Barrett, Best, and Ridout and the 
rates ol disappearance of deuterium from the fatty acids of liver and depot 
fat determined, after the usual preliminary enrichment of these fats with 
Isotopic fattv acid In a second « xperiment, cliffe ring irom the first only 
in that choline was withheld from the diet, the same measurements were 
made on another series of mice. It has been suggested that choline is in 


some way concerned with the normal degradation of fatty acids (7), and 
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it was felt that differences between these two experiments might reveal 


the nature of this effect. 
EXPERIMENTAL 


The basal diet contained 85 per cent of glucose monohydrate, 6 per cent 
of casein (Labeo), 4 per cent of salt mixture (8), and 5 per cent of roughage 
(Celluration'). To each kilo of basal diet were added wheat germ oil 
1.0 gm., viosterol 0.1 gm., carotene 0.2 mg., thiamine hydrochloride 5.0 
mg., riboflavin 10 mg., pyridoxine 10 mg., calcium pantothenate 10 mg., 
and nicotinamide 10 mg. This diet was designated as ‘‘mouse diet without 
choline.” To a portion of it 3.0 gm. of choline chloride were added per 
kilo, and this was designated ‘‘mouse diet with choline.”’ Each diet was 
thoroughly homogenized by grinding in a ball mill for 24 hours. 

A sample of linseed oil was saponified and the fatty acids obtained there- 
from esterified with ethanol. The resulting mixed ethyl esters were re- 
duced with deuterium in the presence of platinum catalyst (9) until no 
further uptake of gas occurred. After removal of the catalyst, the product 
was purified by vacuum distillation. The product was a colorless solid 
at room temperature. Isotope analysis, 10.0 + 0.2 atom per cent excess D. 

Thirty-five male mice of an average weight of 15 gm. were placed in 
groups of five in cages and supplied ad libitum with the mouse diet with 
choline. After a few days, during which time their weight remained con- 
stant, 7.5 per cent deuterio fatty acid ethyl esters was incorporated into 
the diet and this mixture was offered to the mice ad libitum for 5 days. 
During this period the mice gained an average of 1.2 gm. in weight. One 
group of five mice was then killed (Group A), fifteen of the remainder 
returned to the mouse diet with choline (Groups B-1, C-1, D-1), and the 
other fifteen animals placed on the mouse diet without choline (Groups 
B-2, C-2, D-2). The weights of the surviving animals tended to revert 
to the weights prior to the feeding of fat. The B groups were killed 3 
days, the C groups 6 days, and the D groups 9 days after the feeding of 
fatty esters had been discontinued. 

The feces, together with the spilled food, were collected on trays beneath 
the coarse mesh floors of the cages. They were pooled in a fashion indi- 
cated in Table II. 

The animals were killed by asphyxiation with nitrogen and their gastro- 
intestinal tracts were removed and discarded. From the five animals of 
each group the livers were pooled, and the remaining carcasses were pooled. 
Samples of body water were distilled from the livers (10). The livers and 
carcasses were hydrolyzed with alcoholic KOH and the fatty acids and 


Purchased from the Fisher Scientific Company through Eimer and Amend, 
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non-saponifiable matter isolated by methods previously described (11), 
Fecal fatty acids were isolated after a similar hydrolysis. The hydrolyzed | 
mixture was acidified, to decompose calcium soaps, and the product ex- 


te 
on ri 
raBLe | 
’ . . . : 
Weights and Deuterium Concentrations of Depot and Liver Fatty Acids 
' i ; a , — e 
seven groups of five mice each were fed foro days a diet containing /.0 per cent 
deuterio fatty acid ethyl esters (D = 10.0 atom per cent) and 0.3 per cent choline I 
chloride. Group A was then killed and the remaining groups placed on fat-free 
diets with and without choline, and killed at 3 day intervals, as indicated t 
; ' 
Total Liver Depot fatty acids Liver fatty ac B 
Group Basal diet plus Time wet wet : oie 
weight weight Weight | Weight D Weight | Weight D 
per alom per zlom atom 
da gm cm gm cent per Gal ent per Der 
total ent liver cent cent 
\ Choline + 5 85.2 5.52 | 8.121) 9.5 0.42; 0.230 4.2 0.94 (0.036 
deuterio 
fatty esters , 
B-1 Choline 8 76.2 5.32 8.316 10.9 0.25 0.223 4.2 0.27 0.020 
a ales ua al . | 
C-1 a 1] 76.6 | 5.38 |10.728 14.0 0.24 0.221 $1 0.17 0.009 
D-1 ” 14 76.3 5.58 | 8.249 10.8 0.13 0.297 5.3 0.08 0.007 
B-2 No choline 8 73.7 5.49 | 8.619! 11.7. 0.27 0.671 12.2 0.23 0.012 
U-2 |; *” at 11 72.1 $4.96 6.132 8.5 0.23 0.328 6.6 0.16 0.013 
D-2 | “ ci 14 78 5 


0 | 5.50 | 9.747 12.5 0.14 0.342 6.1 0.09 0.002 | 


TABLE II 
Weights and Deuterium Contents of Fecal Fatty Acids 


The feces together with spilled food from the mice in the groups shown in Table | 
were pooled as indicated. The fatty acids isolated therefrom were analyzed for 


deuterium. 
From animals of Group Days included Fatty acid D 
me. ber mouse per da stom per cent 

All O- 5 106 8 54 

.. C.). Ep] 5- 8 34 7.80 

C-}, D-] S—1] 3 0.98 

D-1 11-14 16 1.80 

B-2, C-2, D-2 5- 8 26 §.63 

C-2, D-2 8-11 h 1.31 

D-2 11-14 6 0.41 
tracted with ether. The filtered ethereal solution was washed with water 


and then shaken with aqueous K,CO;. The alkaline laver was drawn off, 
acidified, and the fatty acids taken up in ether. 

The several fractions were analyzed for deuterium by the falling drop 
procedure (12), and the values obtained are given in Tables [ and I] 


i) 


1) 


y 
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DISCUSSION 
From these data it is apparent that in both series of animals the deu- 
terium concentration in the fatty acids of liver as well as depot fat fell off 
rapidly with time. Initially the fatty acids of the liver were more than 
twice as rich in isotope as those of the depot fat, but by the end of the 
experiment the isotope content of the liver fatty acids had fallen to a value 
significantly below that of the depot fatty acids. 
A better appreciation of the rates of these reactions may be had from 
the evaluation of the first order velocity constant, 
- In i — Ind 
= - 
TaBLeE III 
Velocity Constants and Half Times of Reactions Investigated 
The reaction velocity constants (first order) have been calculated by the method 
of least squares for the decrease in deuterium concentration in the fatty acids of 
depot and liver. The half time of each reaction has been computed from the velocity 


constant. 


Source of fatty acid Basal diet plus k | th 
days™! days 
Depot Choline 0.12 + 0.02 6.0 + 1.0 
™ No choline 0.14 + 0.02 5.1 + 0.6 
Liver Choline 0.27 + 0.02 2.6 + 0.2 
9 


- No choline 0.24 + 0.04 .8+0.4 


where 7p is the initial isotope concentration and 7 is the isotope concentra- 
tion at time ¢. From &, in turn, the half time t; may be calculated, 


In 2 
j i 


The most probable values for k and t; have been calculated by the method 
of least squares for the decrease in isotope concentration in the fatty acids 
of liver and depot fat (Table ITT). 

In our animals, the isotope concentration in the depot fatty acids was 
halved in 5 to 6 days, a value in good agreement with that reported by 
Rittenberg and Schoenheimer (3), and in marked contrast to the data of 
Barrett, Best, and Ridout (1). As the only important difference between 
our experimental conditions and those of the latter group of workers was 
the more nearly complete vitamin B supplement in our diet, it would seem, 
as pointed out by Quackenbush, Steenbock, and Platz (6), that the normal 
conversion of dietary carbohydrate to body fatty acid is not a function 
specific to thiamine alone, but involves somehow other members of the 


B complex. 
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Whereas the rate of disappearance of isotope from the depot fatty acids 
gives a fair picture of the rate of replacement of fatty acid molecules in 
the depot, the same does not necessarily apply for the liver fatty acids. 
The total amount of fat in the livers was in all cases much less than in the 
depots. Manifestly the ‘“new”’ fatty acids appearing in the liver, syn- 
thesized from non-isotopic carbohydrate fragments in a medium of body 
water very poor in D,O, were very low in isotope. However, it is highly 
probable that some of the fatty acids appearing in the liver came from 
the depot fat and therefore contained deuterium. In so far as this latter 
process took place, it must have retarded the fall in deuterium concentra- 
tion. Therefore it follows that the actual rate of replacement of fatty 
acids in the liver may have been much more rapid than was indicated by 
the rate of disappearance of isotope, and that the time of replacement of 
one-half of the liver fatty acids may be much less than 2 to 3 days. 

It may be calculated that the actual rate of synthesis of fatty acids by 
each group of five mice was in the neighborhood of | gm. per day. As 
this is about 4 times as much fatty acid as was present in the livers of the 
normal animals, if the liver be assumed to be the major site of this synthe- 
sis, the half life of a molecule of fatty acid in the liver becomes a matter of 
hours rather than days. 

Little effect of the presence or absence of added choline in the diet was 
observable. The choline-deficient animals showed a moderate to mild 
degree of fatty liver, but the rates of disappearance of isotope in the depot 
and liver fatty acids were the same as those in the control animals, within 
the experimentalerror. Any effect due to choline upon the rates of synthe 
sis or degradation of fatty acids must have been quite small. 

The dilution of dietary isotopic fatty acid by excreted fatty acid in the 
intestine has been studied in the human with and without normal bile 
flow, by Shapiro, Koster, Rittenberg, and Schoenheimer (13 In the 
present experiments the decrease in Isotope concentration in the fecal 
fatty acids doubtless resulted from excretion of body fatty acids into the 
lumen of the intestine, although the quantity Ol tatty acid excreted per 
mouse per day on a fat-free diet is very small. It is of interest to note 
that even after 9 days on a fat-free diet the fecal fatty acids are richer in 
isotope than the body fatty acids. As this must be due to residual dietary 
fat, it gives some idea of the length of time required effectively to wash 
out a dietary ingredient from the intestinal tract. 


SUMMARY 


\fter a preliminary enrichment of the body fat of mice with isotopic 
fatty acids, the rate of disappearance of isotope has been studied while 
the animals were on high carbohydrate diets and supplied with all the 
known essential vitamin B supplements, with and without choline. 
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The half life of deuterium in the depot and liver fatty acids has been 
calculated as 5 to 6 days in the depot fat and 2.6 to 2.8 days in the liver. 
It has been pointed out that this latter figure is certainly larger than the 
half life of liver fatty acids. 

The presence or absence of choline had no significant effect on the rates 
of disappearance of deuterium from depot and liver fatty acids. 
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In a previous report (1) it was demonstrated that chicks receiving puri- 
fied rations low in nicotinic acid grew poorly and developed a typical chick 
blacktongue. The occurrence of these symptoms was prevented by the 
addition of nicotinic acid to the ration. 

This paper presents further studies on this deficiency and gives data on 
the activity of several nicotinic acid esters, as well as studies on the possible 
synthesis of nicotinic acid within the chick. 

The experimental procedure and the composition of the basal ration 
have been reported (1). Briefly, the nicotinic acid-deficient ration is 
composed of purified casein, gelatin, dextrin, salts, soy bean oil, cystine, 
erystalline vitamins (except nicotinic acid), vitamins A and D, and con- 
centrates of biotin and the unknown vitamins. The nicotinic acid content 
of this basal ration varied between 0.2 and 0.3 mg. per 100 gm. Day-old 
white Leghorn chicks were used throughout. 

Nicotinic acid assays were made according to the method of Snell and 
Wright (2). The tissues were prepared by autoclaving at 15 pounds for 
+ hour with 1 N sodium hydroxide. The nicotinic acid content of the 
whole chick was determined by hydrolyzing the entire animal in boiling 
10 per cent potassium hydroxide (alcoholic) for 45 minutes and analyzing 
a representative aliquot. Coenzyme I analyses were made by the method 


of Axelrod and Elvehjem (3). 
Re sults 


Growth Results (See Table I)—In confirmation of previous results, chicks 
receiving the basal ration (Group 1) showed a slow rate of growth (Column 
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TABLE | 
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8) and chick blacktongue (Column 4). When 1.5 mg. of nicotinie acid 


pel 100 em. were added to the ration, nearly maximum growth was ob- 
tained, while a higher level, 10 mg. per 100 gm., gave only slightly better 
srowth big 1 shows representative chicks with and without nico- 
tinic acid 

Sulfasuxidine (succinyl! sulfathiazole), known to diminish the growth of 
certain intestinal organisms (4), was fed to chicks in Groups 4 and 5 to 
determine whether svnthesis of nicotinic acid occurred in the intestine of 
chicks receiving a purified ration. The growth results with this drug, com- 
pared with those without the drug, showed that if intestinal synthesis of 
nicotinic acid does occur only small amounts are produced. 

To determine whether or not larger amounts of nicotinic acid had any 
ffect on the nicotinic acid content of tissues, a good practical chick starter 
mash (Wisconsin No. 45) was fed with high amounts of this vitamin. 
This mash contained 7.7 mg. of nicotinic acid per 100 gm. as measured by 





N cid deficieney in the chick Both chicks are the same age; 
the right did not receive micotinie acid 
the bacterial assay \s far as growth was concerned, additions of nico- 


timie aed up to LOO meg pel LOO em. Crroups 4 to 8) caused neither im- 
provement not detrimental effect. 

The growth obtained by feeding ethyl, propyl, and butyl nicotinates 
Groups 9 to 12) showed that the nicotinic acid activity of these compounds 
increased as the length of the carbon side chain increased. The reason 
for the difference in the activity of the esters cannot be explained from our 
data, but it is possible that the shorter chain esters resisted enzymatic 
action in the intestine to a greater extent than the longer chain esters. 

Influence of Diet on Nicotinie Acid Content of Tissues—The amount of 
nicotinic acid per gm. of fresh breast muscle and liver taken from the chicks 
that had received the various diets for 4 weeks is shown in Columns 5 
and 6, Table I. When 1.5 mg. of nicotinic acid per 100 gm. of ration were 
added, the amount in the breast muscle increased only slightly over that 
obtained with the basal ration. When an excess of this vitamin was fed, 


l0 mg. per 100 em. of ration, the amount in the breast muscle was in- 
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creased 15-fold. The amount of nicotinic acid in the breast muscle of the 
chicks receiving sulfasuxidine (Groups 4 and 5) was slightly lower than 
that of the corresponding group without the drug (Groups | and 2). The 
amount of nicotinic acid in the liver did not increase appreciably unless 
high amounts of nicotinic acid were fed with the practical ration It 
appears that the nicotinic acid content of the breast muscle increases to n 
saturation point, at which point further storing of nicotinic acid occurs in 
the liver. Dann and Handler (5) have reported nicotinic acid values for 
chicken breast muscle and liver which agree closely with the values we 
have obtained for these tissues in the normal control groups These 
normal values may, of course, be raised or lowered, depending on the nico- 
tinic acid content of the ration. 

The coenzyme I analvsis (Column 7) of the breast muscle showed that 
the concentration of this enzyme, like the nicotinic acid content, was 
markedly influenced by the amount of nicotinic acid available to the tissues, 

To determine the extent of svnthesis of nicotinic acid occurring within 
the chick, the amount of the vitamin in the entire 4 week-old chick was 
determined (Column 8 This value was compared to the total nicotinie 
acid taken in over the 4 week period plus the amount present in the dav-old 


chick (Column 9) and thereby the nicotinic acid balance was determined 


Column LO The amount of nicotinic acid in the day-old chick was de 
termined by analvses of four representative chicks Thev were found to 


contain, on the average, 27.4 y (27.2 to 27.7 y) per gm. of fresh tissue, ora 
total of 0.9 mg. (0.80 to 0.91 mg.) of nicotinic acid pel chick Chis total 
value plus the nicotinic acid taken in over the 4 week period by chicks on 
the basal ration was somewhat smaller than the nicotinic acid content of 
the 4 week-old chick, showing that about 0.9 mg. of nicotinic acid was 
svnthesized during the experimental period. This amount of nicotinic 
acid is about one sixth of the total amount of nicotinie acid needed in the 
diet for normal growth over a 4+ week period These data. in addition to 


the welght results. v1IvVe direct e\ ile nee that the voung chick on purified 
rations can svnthesize only a part of its total micotinie acid requirement 
The nicotinie acid balance of chicks on the 1.5 mg. level of nicotinie acid 
Group 2) was slightly negative, showing again that this amount of nico- 
tinie acid is Just border line. Chicks in Group 3, receiving LO mg. of nico- 
tinie acid per LOO gm., had a balance ot 22.4 mg., indicating that at this 
level a large excess of the vitamin was taken In 

The results obtained with Groups 4 and 5, receiving sulfasuxidine, were 
similar to the results with Crroups l and 2 It is evident, however, that 
sulfasuxidine retarded synthesis of nicotinie acid by about 50 per cent, 
(Compare Group | with Group 4, Column = 10 The results from the 


chicks on the practical rations showed that regardless of how much nico- 
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tinic acid was in the diet the content of the whole chick appeared to reach 
a saturation point above which excess nicotinic acid was largely excreted. 

Other Results—Since our last report, we have noticed in our nicotinic 
acid-deficient groups a dermatitis occurring in spite of ample pantothenic 
acid and biotin in the ration. The dermatitis first appeared on the upper 
part ol the feet and on the legs after the chicks had been on the diet for 2 
to3 weeks. About 40 per cent of the birds on the basal ration has been so 
affected. Some (eight out of thirty) of the chicks receiving the esters of 
nicotinic acid at low levels (Groups 9, 11, and 12) had a severe dermatitis 
not only of the feet and legs but over the entire body, especially under the 
wings, where large hard scales were formed (see Fig. 2). Sinee the chicks 
in Group LO which received a high amount of ethyl nicotinate did not have 





and le us 


ye > Nieotinis iid ester studies Note the dermatitis of the feet 
the bird on the left (from Group 9) and the severe dermatitis on the skin under 


bird on the right (from Group 11 


the dermatitis, it was concluded that this condition could not be due to a 


toxicity of the esters 

The occurrence of some perosis in the nicotinie acid-deficient chicks 
SIX out of nineteen) suggested that nicotinic acid may be another factor 
necessary for the prevention of this condition, since the control group, re- 
eelving the mieotinie acid, had no perosis. There was no correlation be- 
tween the occurrence of the perosis and the dermatitis mentioned in the 
preceding paragraph. Other svmptoms seen in chicks receiving the basal 
ration were slow feather development and a decrease in food consumption, 


DISCUSSION 


Since the discovery that nicotinic acid was necessary for the cure and 
prevention of canine blacktongue and human pellagra, there has been a 
great deal of work on the measurement of this vitamin in all types of food- 
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JSS NICOTINI ACID STUDIES IN CHICK 
Stults hv re is need ror u vood animal “USSU to corroborate the shorter 
“nad more efhicient microbiological and chemical “USsaVves ko. this reason 


we suggest the use of the chick as a possible assav animal and we have 
found (unpublished data) that this animal may be used for this purpose 


to advantage 


The reason the dermatitis whieh occurred ino chick eceiving low 
levels of the nicotinic acid esters was more severe than the dermatitis in 
chicks on the basal ration is not vet cleat It mav be a matter ot effective 


nicotimie acid levels or it is possible that since nicotinic acid was low within 
the tissues the unhvdrolvzed esters were used in making a coenzvme I[- 


which caused the blocking of certain true coenzvme I re- 


The question arises whether or not the finding that chicks on purified 
rations require a dietary source of nicotimie acid is of any practical value 
as far as the commercial feeding of poultry is concerned \s vet we can- 
not fully answer this question, but it would seem that since the minimum 


requirement is small compared to the amounts found in most toodstuffs 


a deficiency of micotinie acid would be rare in chicks rece ng an average 
ration It is entireh possible, however, that such a deficiency could exist 
along with a cle neiencyv ot other Vitamins ol thi 3 compl \ hn ChICKS Ire 
ceiving a poorly balanced ration, provided the svnthesis of nicotimic acid 
within the body of the chick is as low as it is on purified rations 


SUMMARY 


he voung chick, when ted purifie 


i rations, requires nm aretal source 


blacktongue and tor optimal 


7 


olf nicotinic acid tor the prevention ol 


/ 


growth. Other deficiency symptoms are a decreased food consumption, 
a marked lowering of the nicotinie acid and coenzyme I content of breast 
muscle, poor teather development, and occasionally perosis or scaly der- 
matitis 

2. Chicks receiving the basal ration svnthesized about one-sixth of their 
total nicotinie acid requirement 


3. Several esters of nicotinic acid were found to have partial nicotinic 


acid activitv which varied with the length of the carbon side chain 
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The occurrence of an enzyme in mammalian tissues which converts 
pyruvate to acetoin (1) is presumptive evidence that acetoin is a normal 
intermediate in carbohydrate metabolism. Its normal occurrence in blood 
2,3) and urine (4, 5) supports this view. Indirect evidence has further 
indicated that acetoin may also be an intermediate in the metabolism of 
ethyl aleohol (6). These considerations made it desirable to study various 
metabolic relationships of acetoin in the intact animal. 

Acetoin has not been studied extensively in animals. Neuberg and 
Gottschalk (7) observed that only a small amount of the acetoin adminis- 
tered to rabbits was excreted unchanged, and Greenberg (8) has recently 
measured its rate of disappearance from the blood of dogs. An extensive 
literature on acetoin has appeared in connection with bacterial metabolism 
(9, 10), and on the existence of acetoin-forming enzymes in yeasts, molds, 
plants, and other tissues (1, 11-13). It has attained some importance in 
butter and bread manufacture, in which the desirable flavor and aroma are 
in part due to acetoin and biacetyl. 

The results of the present study have shown that acetoin is innocuous 
in moderate doses, but when given in very large amounts to rats, it causes 
unconsciousness and death. When given to a dog, it is excreted in part as 
2,3-butylene glycol; the major part of a given dose disappears, and is 
presumably further metabolized. It is not converted to liver glycogen. 

EXPERIMENTAL 
l'rinary Excretion 

All of the excretion studies were carried out on a 22 kilo male dog. 
Acetoin and 2,3-butvlene glycol were given either orally in a 3 to 4 per 
cent solution or subcutaneously in a 20 per cent solution, and multiple 
doses were spaced equally throughout each day of administration. The 
urine was collected under toluene from the beginning of the administration 
period until about 40 hours after the last administration, and was kept at 
+° during the few days required to complete the collection and the analyses. 

The acetoin was obtained! as the polymer (14, 15), which apparently 


' The acetoin and 2,3-butylene glycol used in these studies were obtained from the 


Lucidol Cor poration, Buffalo 
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reverts to an optically inactive monomolecular form in aqueous solution 
(15, 16). During a 2 month period, the dog received a total of 78 gm. of 
acetoin, 32 gm. of 2,3-butylene glycol, and 24 gm. of biacety! without show- 
ing any symptoms or pathological effects. 

2 ,3-Butylene glycol was determined in the urine by the periodate oxida- 
tion method of Brockman and Werkman 17), except that the acetaldehyde 
so produced was trapped in bisulfite and determined by the usual iodometrie 


procedure (18); each ec. of 0.1 N iodine was equivalent to 2.25 mg. of 2,3- 
butylene glycol. A blank was similarly determined by omitting the per- 


iodate from the reaction mixture. Bound or conjugated glycol was de- 
termined by difference after a sample of the urine had been hydrolyzed by 
refluxing | hour with one-tenth its volume of concentrated HCl. Controls 
showed (a) complete recovery from urine of added glycol, (b) stability of 
glycol to the hydrolysis procedure, (c) non-interterence by biacetyl, and (d 
a quantitative splitting of acetoin by periodate which yielded 1 mole of 
acetaldehyde for each mole of acetoin; the glycol values were corrected 
for the acetoin present alter the latter had been determined by the Le- 
moigne-Van Niel procedure as described by Stahly and Werkman (19 
In this latter method, the ferric chloride oxidation could not be carried out 
directly on the urine, but good recoveries of added acetoin could be ob- 


tained by a preliminary distillation of the acetoin from the urine. 
All of the experimental urines contained no detectable amount of biacety| 
when tested by direct distillation into the hydroxvlamine reagent. Al 


though this method gave variable and inadequate recoveries of biacetyl 
added to urine, the results were significant in indicating the excretion of 
negligible amounts of biacetyl. This was confirmed by the Voges-Pros 
kauer reaction (20) carried out on serial dilutions of the urine 


Re sults 


The urine normally excreted by the dog without acetoin administration 
contained 3.3 mg. of 2,3-butylene glycol per 100 cc. (averaging 13 mg. per 


= 


24 hours - the amounts of acetoin and biacety] present were too small to be 


detected by the methods employed The results obtained after adminis 


tration of acetoin and 2,3-butylene glycol are summarized in Table | 

Acetoin given either subcutaneously or orally was not excreted to am 
appreciable extent in the urine; the major excretion product was 2,3 
butylene glycol. The percentage ol the dose excrete d AS the glycol varied 
from 5 to 25 per Ce nt, and roughly paralleled the rate of “flooding” the 
animal. The major part of the acetoin was further metabolized. The 
equilibrium in the bodv bet ween acetoin and the glycol seems to be creatly 
in favor of the glycol (2 The increased urinary glycol obtained after 


acid hydroly sis was small (3.5 to 8.5 per cent of that excreted, or about 1.3 
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per cent of the dose given), indicating little conjugation; it should be 
noted, however, that the glycol determination involved a distillation from 
strong sodium carbonate, which might have split any conjugated products 
in the non-hydrolyzed urine. 

The glycol excreted after acetoin administration was identified as the 
phenylurethrane. 200 cc. of urine were hydrolyzed, saturated with NaCl, 
and extracted with ether. The dried ether-soluble residue was boiled 
with phenyl isocyanate, and the phenylurethane was crystallized several 
times from hot benzene to give white needles, m.p. 189-191°; the mixed 
melting point with the phenylurethane of 2,3-butylene glycol (m.p. 192- 
193°) was 190-193°. The glycol was further established by oxidation with 


TABLE | 
Urinary Excretion after Administration of Acetoin and 2,3-Butylene Glycol 


lotal urinary excretion 


ee Days of No otal > 3 
S ter oe soe admini doses @dminis > 3. Butylene 
cuaes tered Acetoin Butylene | glycol 
glycol ‘after hy- 
drolysis 
um em. cm em. 
Acetoin Subcutaneous 3 15 26.1 0.095 | 4.446 4.866 
] 26.46 0.093 6.542 | 6.838 
3 10 9.8 |0 0.475 0.492 
Oral 2 6 15.75 | 0.019 | 2.454 | 2.564 
2 3-Butvlene glycol Subcutaneous 2 Ss 16.0 0.012 1.882 1.950 
Oral 2 8 16.0 0 2.005 | 2.236 


bromine to acetoin (4), and the acetaldehyde produced in the glycol deter- 
mination was also identified as the 2,4-dinitrophenylhydrazone derivative. 

Administration of the glycol gave no biacetyl and little or no acetoin 
in the urine; 12 to 14 per cent of the dose was excreted unchanged, except 
that 3.5 to 10 per cent of the excreted glycol was conjugated. The major 
part of the glycol was thus metabolized to some form other than these 
related compounds. The completeness of excretion during the 40 hours 
following the last dose administered was checked by collecting the next 
24 hour urine sample. This contained the normal amount of 2,3-butylene 


glycol. 
Laver Glycogen Formation 


Studies (21, 22) have shown that the compounds produced as intermedi- 
ates in the breakdown of glycogen to pyruvic acid can be reconverted to 
liver glycogen in the intact animal. It is possible that pyruvie acid is 
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& pivotal point in this process in the sense that decarboxylation leads to 
products no longer capable of reconversion to liver glycogen. There is ho 
evidence that acetaldehyde is normally produced from pyruvate in animal 
tissues, and it is improbable that acetaldehyde can be converted to liver 
glycogen. It does not give rise to glucose in phlorhizinized dogs (23). 
and the metabolically related ethyl alcohol (24, 25) and acetie acid (26 
do not give rise to liver glycogen in fasted animals. The present study 


shows that acetoin likewise is not converted to liver glycogen. 


Me thods 


Liver glycogen was determined by the method of Good, Kramer, and 
Somogyi (27), except that hydrolysis was carried out in 5 N H.SO, (28): 
sugar was estimated by the method of Folin and Wu (29). In all the experi- 
ments, the rats were fasted 24 hours, and the acetoin then fed by stomach 
tube. In the 23 hour experiment, a single dose of 150 mg. of acetoin 
in | ec. of water pel 100 gm. of body weight was fed at the start of the 
experiment, and the livers analyzed at the end of 2) hours In the 6 
hour experiment, 200 mg. of acetoin were fed to each rat every 2 hours 
(three feedings), and the livers were analyzed 6 hours after the initial feed- 
ing. In the 12 hour experiment, 200 mg. of acetoin were fed each rat at 2} 
hour intervals (total of five feedings), and the livers analyzed 12 hours after 
the initial feeding. In all cases the livers were removed under amytal 
anesthesia 

The fasted controls were run simultaneously with the 2% hour acetoin 
experiment, the controls receiving an equal volume of water by stomach 
tube. With all of the acetoin experiments, a lactate control was run 
simultaneously and identically except that lactate was fed instead ol 


acetoin. 
Re sults 


The results (Table Il) were unequivocally negative. In all cases, the 
liver glycogen was so low that none could have been formed from the 
acetoin. The reliability of the methods was established by the lactate 
controls, in which marked increases of liver glycogen were alwavs obtained. 
Failure of glycogen deposition was not due to failure of absorption of the 
acetoin, since its presence was demonstrated in the blood of rats following 
oral feeding, and the glycol was found in the urine of dogs after acetoin 


feeding. 
Toxicity 


The subcutaneous injection of 2 gm. of acetoin in 150 gm. rats resulted 
in death in about 6 hours. After an initial unsteadiness and crouching, 
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the animal fell on its side, with its cyanotic limbs retracted beneath the 
body in a spastic paralysis. The respiratory movements became irregular, 
convulsive, and finally stopped, while the heart continued to beat for about 
| minute. When the injection of 2 gm. of acetoin was made intraperi- 
toneally, the same response developed rapidly, and the animal died within 
10 minutes. 

| gm. doses of acetoin given either subcutaneously or intraperitoneally 
were followed by a similar response except that the respiratory irregular- 
ities were brief, and the animals recovered. 0.5 gm. of acetoin injected 


subcutaneously caused the first paralytic symptoms, followed by rapid 


TABLE II 
Liver Glycogen in Rats Following Acetoin Feeding 


Acetoin feeding 


xperiment 6 hr. experiment 12 hr. experiment 
on . : es . 
i k I Per ce Rat Liver ne oon Rat Liver 4 iy 
ve veight | weight | _,"*‘ weight | weight ee: 
ycogen glycogen glycogen 
m ” ” ” em 
166 | 6.80 0.14 142 | 5.95 | 0.01 165 5.90 | 0.09 194 6.30 0.02 


196 6.46 0.01 154 5.94 0.02 190 6.30 0.04 190 gake 0.12 
147 | 5.42 | 0.02 185 7.70 0.02 192 7.38 | 0.06 194 6.61 0.03 
7 


174 | 7.49 | 0.04 185 52 0.03 72 6.43 0.06 | 209 | 7.04 | 0.06 
7517.67 0.12 173 | 6.88 0.03 171 6.38 | 0.04 154 6.30 0.04 
4 7.52 0.02 153 6.51 0.03 145 6.03 0.11 
0) 6.45 0 05 193 7.39 0.01 

ISS 5 8S 0.09 
(Averages 0.06 0.03 0.06 0.06 


Lactate controls 


933 S64 0.58 1990 | 6.89 2.19 194 | 7.80 | 2.20 
57 5 76 l 2) 


recovery. 0.5 gm. of acetoin injected intraperitoneally or 0.25 gm. sub- 
eutaneously had no demonstrable effect. 

\cetoin is much less toxie than acetaldehyde (30). 500 mg. per kilo 
of acetaldehyde injected intraperitoneally into rats caused a fatal respira- 
tory paralysis, while 13 times this amount of acetoin was not lethal. 


SUMMARY 


The oral or subeutaneous administration of acetoin to a dog was followed 
by the urinary excretion of from 5 to 25 per cent of the doses as 2 ,3-butylene 
glycol; only small amounts of acetoin were excreted and no biacetyl. 12 
to 14 per cent of administered glycol was excreted unchanged. 











528 METABOLISM OF ACETOIN 


Administration of acetoin did not result in an increase in liver glycogen 
in fasted rats. 

2 gm. of acetoin administered subcutaneously or intraperitoneally to 
150 gm. rats were fatal. Animals recovered from the effects produced by 
| gm. of acetoin, and no effects were observed from the administration of 


0.5 gm. intraperitoneally or 0.25 gm. subcutaneously. 
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Although several methods for the determination of atabrine in blood 
have been published (1-3), there is a paucity of literature dealing with 
the relationship between blood concentrations of atabrine and its thera- 
peutic effectiveness. Most of the published methods are based upon the 
extraction of the drug from the blood with an immiscible solvent and the 
comparison of the yellow color of the extracted atabrine with a series of 
standard solutions containing varying amounts of the atabrine, or upon 
reading the absorption in a photometer, such as the Pulfrich, which has been 
calibrated with atabrine standards. While with such methods it is possible 
to study the blood concentrations in animals which have been given very large 
dosages or in humans in which temporarily high concentrations may be at- 
tained by intravenous injection, it is seldom possible in this manner to 
measure, with sufficient accuracy, the concentration attained in the blood 
of an individual on the usual therapeutic dosage. Indeed the concentra- 
tion attained in the blood may be so low that no color is discernible, nor 
can a reading be obtained with the most sensitive photometer. A more 
sensitive method is that of Gentzkow (4), in which the turbidity of atabrine 
produced by the addition of Tanret’s reagent is measured in a photoelectric 
turbidimeter. But even with this method a considerable number of 
patients under treatment with the drug will fail to show any of it in the 
blood. 

Gentzkow and Callender (5) found the relapse rate for vivax malaria in 
white American soldiers stationed in Panama and treated with atabrine 
alone to be 40 per cent. In the Federated Malay States Johnson (6) 
found the relapse rate in Europeans to be about 43 per cent and for Asiatics 
between 5 and 10 per cent when atabrine was used as the sole drug in the 
treatment of malaria. The differences in effect of the drug on malaria 
in different individuals have been chiefly ascribed to such factors as differ- 
ences in the strain of parasites and the immunity and resistance of the 
infected individual; but it does not seem to the author that the variations 
in concentration which the drug may attain in the body have been properly 


*‘Quinacrine hydrochloride has been adopted as the official .U.S.P. XI[ name for 
this preparation. The term atabrine, however, will be used in this paper to des 
ignate this product, because this name is more commonly used 

t Captain, Sanitary Corps, United States Army. 


529 








530 DETERMINATION OF ATABRINI 


stressed, owing perhaps to the fact that an adequate study of this factor 
has not been made because of the lack of a sufficiently simple and accurate 
method. It would seem that with the same dosage of a given drug ther 
must be large individual differences in the concentration attained in the 
hody, and this has heen found to be the ease In all drug treatments tor 
which accurate simple methods of analvsis exist, as for instance the 
sulfonamides. 

The method to be deseribed is sufficiently accurate and simple enough 
to enable a large scale study of the effect of blood concentration of atabring 
on the treatment of malaria to be mac \ single analvst, in the course of 
an 8 hour working day, may perform from 50 to 60 analyses. The method, 
which is based upon measuring the fluorescence of the atabrine in a photo- 
electric fluorometer, is highlv sensitive: as little as 0.1 mg. per liter of 
blood mav be measured with an accuracy of 5 to 10 per cent when 5 ce 
ot the blood are used For large) amounts the accuracy 1s corre spond 
ingly increased, the average error he ing about 2 per cent 

The principal difficulty in the application of this method has been the 
separation of the fluorescent material normally present in the blood from 
the atabrine fluorescence and the prevention of emulsion formation when 
the atabrine is extracted from the blood by shaking with immiscible sol- 
vents A combination of solvents for the extraction of atabrine from 
the blood has been devised which overcomes these difficulties in a simpk 
manner. In addition, the use of small separatory Tunne Is, such as are used 
in the determination of thiamine by the thiochrome method (7 vas found 
to be of advantage. as these funnels fit in the 50 ce. trunnion cups of the 
ordinary centrifuge, so that a more complete separation of the various 
solvent phases can be obtained by centrifuging, the number of extractions 
required lor quantitative recovery ol the drug being reduced 

By this method it was possible to recover 97 per cent of the amount of 
atabrine added to blood in comparison to the same amount added to dis 
tilled water and carried through the same extraction procedure as the blood 
\ny error that may occur as a result of loss in the extraction procedure 
is eliminated by adding a known amount of atabrine to one of the bloods 
to be analyzed and basing the calculation in the unknown sample upon the 
amount recovered in the sample to which the atabrine has been added. — It 
has been found, by experiment (see Fig. 1), that the percentage of recovery 
of added atabrine is the same for all concentrations for which the method 


has been applied 
VWethod 


Apparatus and Reade nts 
|. 4 N sodium hydroxide solution 
2. Petroleum ether (benzine), b.p. 30-65°, redistilled. 
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3. Isopropyl alcohol-isobutyl alcohol mixture, equal parts of each. 
Both alcohols are purified by redistillation. 

4. 0.3 ~ sodium hydroxide solution. 

5. Isopropyl alcohol in 0.1 Nn HCl. Measure 300 cc. of redistilled iso- 
propy! alcohol into a 1 liter volumetric flask. Add 100 ee. of 1 N HCl and 
dilute to the mark with distilled water. 

6. Borate-NaOH buffer solution. Dissolve 4 gm. of sodium borate in 
100 ec. of 1.35 ~ sodium hydroxide solution. Filter until clear. 

7. Standard atabrine solutions. (a) Stock standard solution. Pre- 
pare by dissolving 63.6 mg. of atabrine hydrochloride (C23;HsoCIN;O0- 
2HC!]-2H.O) in 1000 ce. of distilled water. This solution if placed in a 
dark bottle in the refrigerator will keep for several months. (b) Working 
standard atabrine solution. Dilute 5 ce. of the above stock solution to 
100 ce. with distilled water. This weak solution deteriorates rapidly, and 
should be freshly prepared each day. 1 ee. equals 0.0025 mg. of atabrine 
hase (CogH goeCIN3O). 


8. Photoelectric fluorometer. Any of the fluorometers having sufficient 
sensitivity for the determination of thiamine or riboflavin in biological 
fluids may be used. The instrument used in this work was the one manu- 


factured by the Coleman Electric Company, Inc., and the technique to be 
deseribed will apply to this instrument. The filters used with this instru- 
ment were as follows: between the lamp and the sample, the regular 
Corex glass supplied with the instrument with the metal intensity reducer 
emoved; between the phototube and the sample, the blue glass filter 
regularly furnished with this instrument for the determination of thiamine 
the thiochrome method plus Corning yellow glass filter, No. 338, 2 mm. 


9. Extraction vessel. This is a small separatory funnel of about 25 ce. 
). No special 


capacity, such as is used in the determination of thiamine (7 
trunnion carriers are required if it is desired to centrifuge the specimens, 
since these vessels fit in the regular 50 ec. metal cups that are routine 
equipment with most centrifuges. These funnels may be obtained from 
I. Machlett, New York, or the Scientific Glass Apparatus Company, 


Bloomfield, New Jersey ; 

Technique lt but one determination is to be made, collect about 12 ec. 
of blood into flask containing 1.5 to 2.0 mg. of potassium or lithium 
oxalate per cc. of blood. If more than one determination is to be made, 


12 ected from one of the patients and about 6 ce. from 


rae ot blood ar coll 

each of the others 
Into the extraction vessels deseribed above, with a vessel for each sample 

to be analvzed, pipette 3 ec. of 4 N Nat IH and 8 ec. of the isopropyl-iso- 


butyl aleohol mixture. Add 1 ec. of water and 7 ec. of petroleum ether. 
Then add 5 ce. of blood to each, stopper, and immediately mix by inversion 


ie 
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several times. At the same time prepare a standard vessel in the same 
manner as above except that 1 cc. of the standard atabrine solution is 
added in place of the 1 cc. of water. Add to this standard vessel 5 ec. of 
the blood taken from the 12 ce. sample as obtained from one subject. 
All vessels are then shaken vigorously, either by hand or in a mechanical 
shaker for 5 minutes. In this work a mechanical shaker capable of hand- 
ling eight vessels at once was used. From this alkaline solution of the 
blood, the atabrine passed into the upper, immiscible ether-alcohol layer, 

After shaking, allow the vessels to stand for 5 minutes to allow separa- 
tion of the layers; then draw off the lower blood layer as completely as 
possible and discard. Whirl the flask to detach particles of protein ad- 
hering to the walls of the vessel, and then centrifuge 5 minutes at about 
1000 r.p.m. The additional small amount of blood layer that gathers in 
the bottom of the vessel as the result of centrifuging is then drawn off and 
discarded. Add to each vessel 10 cc. of 0.3 N NaOH, stopper, and shake 
vigorously for 1 minute. Allow to stand until the lower, alkaline aqueous 
layer has separated (about 1 to 2 minutes); then draw off this lower laver 
and diseard. Recentrifuge for 5 minutes at 1000 R.P.M. and diseard the 


remaining small amount of aqueous alkaline layer that gathers in the 


bottom of the vessel. To each vessel now add 10 cc. of the 30 per cent 
isopropyl! alcohol solution in 0.1 N HCl, stopper, and shake vigorously for 
| minute. The atabrine now passes from the upper ether-aleohol layer 
to the lower, aqueous acid alcohol laver. Again centrifuge at 1000 R.PoM 


for 5 minutes in order to produce hetter separation ol the lavers 

Draw off an aliquot of this lower laver containing the atabrine, a fey 
drops of which are first allowed to wash out the capillary of the vessel’s 
stop-cock The amount of the aliquot withdrawn will depend upon the 
amount of the fluid required by the fluorometer cuvettes in order to obtain 
a reading. Although 10 ce. of the acid aleohol were added, the volume of 
the lower laver will only measure about 9 ec., since some of the lsopropv! 
alcohol passes into the upper ether-alcohol layer. If the cuvettes of the 
fluorometer require a larger amount of fluid than this, a greater volume of 
acid alcohol solution should be used for the extraction of the atabrine. 
The cuvettes used in this work were specially selected test-tubes, requiring 
a minimum of 8 cc. of fluid in order to obtain a reading with the fluorom 
eter. These test-tubes were therefore graduated at 8 ec., and the acid 
alcohol layer was allowed to flow from the extraction vessel to this 
graduation. A blank is prepared by adding 8 cc. of the isopropyl alcohol 
acid solution to another cuvette The contents of the cuvettes are now 
alkalinized by adding to each 1 ec. of the NaOH-borate buffer solution 
and mixed by vigorous shaking. 

Measure ment of Fluoresce nee The fluorom«e tel having heen pre\ lousy 
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turned on, and a stable operating condition reached, the cuvette containing 
the blank solution is inserted, and, if a means is available for setting the 
instrument to read zero, this setting is made; otherwise the reading of the 
blank is noted. The instrument used in this work possessed a control 
which made it possible to adjust the blank reading to zero; all readings were 
made with the blank so adjusted. The sample to which the standard ata- 
brine was added is now inserted, and by means of the variable sensitivity 
control which most of these instruments possess, the meter of the instru- 
ment, if graduated to read from zero to 100, is now adjusted to read between 
75and 100. The readings of the unknown samples are then taken as rapidly 
as possible. After each unknown is read, the standard sample is returned 
to the instrument and the reading checked to see that no change from the 


initial setting has occurred. Should this reading vary from the initial 





ee a ae a ee ee ee ee ee 
O01 Q2 03 Of O5 O06 OF O86 Ad 1.0 
Fic. 1. Relationship between atabrine concentrations measured in mg. per 
liter (abscissa) and fluorometer readings (ordinate). 


setting, the instrument is reset by means of the sensitivity control and the 
unknown reread. 

Calculation—The calculation is based upon the premise that the reading 
of the fluorometer is directly proportional to the concentration of the 
atabrine fluorescence within the limits of concentration for which the 
method has been devised. That this is true is shown by Fig. 1. Within 
the limits of the experimental error of the method a straight line relation- 
ship exists between the readings of the fluorometer and the concentration 
of the atabrine when the concentrations vary from 0.1 to 1.0 mg. per liter 
of blood, when 5 ec. of the blood are used for the analyses. The maximum 
deviation from this straight line relationship is equal to about one division of 
the fluorometer, which represents the limit of accuracy to which this instru- 
ment can be adjusted. For concentrations higher than 1 to 1.5 mg. per 
liter it is recommended that the sample be diluted with the 30 per cent 
isopropyl! alcohol in 0.1 N HCI, 8 ee. of which have been neutralized with 1 
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ec. of the borate-NaOH buffer. The proportionality of readings may hold 
for concentrations higher than 1.0 mg. per liter, but with this particular 
instrument this concentration gave close to the maximum reading of 100 
with the minimum sensitivity setting, and therefore could not be read with 
out dilution of the sample first. 

The following example will serve to illustrate the formula used: reading 
of blood to which atabrine was added, 75; reading of blood from same sub 
ject, no atabrine added, 25; reading due to the added atabrine alone, 50. 
Therefore 50 seale divisions of the instrument are equal to 0.0025 mg. of 
atabrine, which was the amount added to the blood, and twenty-five scale 
divisions, the reading of the sample without the atabrine, will equal 
one-half this amount or 0.00125 mg. of atabrine in 5 ee. of blood. Multi 
plying by 200 one obtains the concentration in mg. per liter of blood which 
in this case is 0.25. This calculation may be expressed mathematically 
as follows: 

RU kK CS X 200 


cl mg. at ibrine pe 


RS 


CU represents the concentration of the unknown in mg. per liter; RU’, the 
reading of the blood sample, with no atabrine added; RS, the reading of 
the blood with added atabrine minus the reading of the same blood without 
added atabrine; and C'S, the concentration of the standard, the amount, in 
mg., of atabrine added to the blood 

Since 5 ec. of blood are used in the analvsis, the factor 200 is used to con- 
vert the values to mg. per liter. 

If the sample is diluted prior to obtaining the readings, the value ob 
tained by the above formula is multiplied by this dilution 


DISCUSSION 


The combination of solvents used in the extraction process was selected 


after numerous trials with a large number of individual solvents as well as 


i 


many different mixtures. The combination used in this method was the 
only one with which satisfactory recovery of added atabrine could be 
obtained without producing emulsification on shaking with the blood. 
Without the isopropy! alcohol, hopeless emulsions occurred, while omission 
ot the isobutyl alcohol, although no emulsions formed PAVE low recover\ 
values. The petroleum ether, while not a particularly efficient solvent for 
atabrine, was necessary to prevent the formation of emulsions, and, in com 
bination with the isobutvl alcohol, is a satisfactory solvent lo extract the 
atabrine from the ether-alcohol phase a solution of 30 per cent isopropy! 
alcohol in 0.1 N HCl was used rather than the aqueous HCI alone, as it was 


found that unless some isopropyl alcohol was present, turbidity formed in a 
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certain number of specimens and this interfered with the measurement of 
the fluorescence. By the use of isopropyl alcohol crystal-clear solutions 
were always obtained. 

A considerable number of blood and urine samples from subjects, normal 
and abnormal, not under treatment with atabrine were analyzed for the 
presence of interfering fluorescence. In no case was a reading on the 
fluorometer obtained which was greater than that given by the reagents; 
see Table I. 


TABLE | 
Recovery of Added Atabrine from Blood 
5 cc. of blood were used in the analy ses and the results obtained were calculated 
wainst the reading of a standard atabrine solution in 5 ec. of distilled water which 
was carried through the same extraction process as the blood 5 ec. of this standard 
contained 0.005 mg. of atabrine base equal to a concentration of 1.0 mg. per liter. 
The fluorometer was adjusted to give a reading of 100 with the standard solution; 


the reading was zero when no atabrine was added. 








weer atabrine 7 of eat ——— 
Blood Normal 0.005 97 97 
“ 0.0025 19 OS 
0.0005 9 OO 
Jaundice 0.005 95 95 
0.005 99 99 
Diabetes 0.00125 24 96 
Lipid nephrosis 0.005 96 06 
Urine Normal 0.005 99 99 
0.005 100 100 
0.0025 50 100 
Jaundice 0.0005 11 110 
Nephritis 0.00125 26 104 


It is advisable to subject a blank of 5 ec. of distilled water to the same 
extraction procedure as that used for the blood in order to obtain the total 
extractable blank fluorescence of all reagents used in this method. If it is 
found that after this procedure the reading of the blank is no greater than 
that obtained from the neutralized isopropyl alcohol-HC1 solution alone, 
then the extraction of a separate blank may be dispensed with. Otherwise, 
for each series of determinations, it will be necessary to carry a blank of 5 
cc. of distilled water through the same procedure as that used for the blood. 
With reagents of the highest purity, and redistillation of all solvents, no 
blank fluorescence could be extracted and the determination of a separate 


blank could thus be eliminated. 
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Relation of pH to Fluorescence—It was found that the fluorescence of ata- 
brine in aqueous solution was markedly increased, about 9- to 10-fold (see 
Fig. 2), by changing the pH from acid to alkaline. The maximum fluores- 
cence occurred at a pH of about 12.5 and above pH 13 the fluorescence de- 
creased. The borate buffer solution was adjusted to give a pH of 12.5 and 
when added to the acid alcohol solution of atabrine the maximum variation 
from this value was 0.1. The addition of the alkaline buffer also gives a 
check on the specificity of the method for atabrine, since most other 
substances that fluoresce will show a decreased reading when rendered 
alkaline. If the reading of the instrument is taken before and after the 





Readings 
on 
¥ 
Ma 


ASARSASS S 


Fluorimeter 


[ 


—* 
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30 45 6.0 25 20 10.5 12.0 13.0135 
pi 
Fig. 2. Effect of pH on the fluorescence 


addition of the alkaline buffer, a decrease in the re adings will indicate the 
presence of some other fluorescent material, quinine, for instance. If the 
addition of the alkaline buffer increases the reading over that obtained in the 
acid solution, but the increased reading is less than 9- to 10-fold, this indi- 
cates the presence ol atabrine plus some othe contaminating fluorescence. 
In the case of urine results were obtained, following cessation of administra- 
tion of atabrine, indicating that the atabrine which was being excreted was 
associated with a breakdown product which interfered with the atabrine 
fluorescence and gave erroneous results. This will be discussed more fully 
below. 

Application of Method to Plasma and Urine-—-The method may be used 


without modification for the determination of the atabrine concentration 
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in plasma and urine. However, it is not necessary to use a sample of the 
plasma or urine to which atabrine has been added as a standard for com- 
parison. Instead a standard of 5 cc. in distilled water containing a concen- 
tration of 1 mg. per liter is used, as there is no loss of recovery of atabrine 
from plasma or urine as compared to distilled water. This standard is put 
through the same extraction procedure as the plasma or urine. Because of 
the much higher concentration of atabrine in the urine it is usually necessary 
to make a dilution before the fluorometer is read. The degree of dilution 
necessary can usually be judged by the intensity of the yellow color of the 
acid alcohol extract. This dilution is made with the 30 per cent isopropyl 
alcohol in 0.1 N HCl solution. 8 ec. are then neutralized with 1 ec. of the 
borate-NaOH buffer and the reading in the fluorometer obtained in the 


usual way. 


Results 


In Table II the blood and urine concentrations of a normal individual 
receiving 0.3 gm. of atabrine daily in three equal doses of 0.1 gm. each for a 
period of 5 days are recorded. This is the dosage that is ordinarily used in 
the routine treatment of malaria with this drug. Of particular interest is 
the low concentration attained in the blood on this dosage, the maximum 
value being only 0.15 mg. per liter. Of equal importance is the fact that 
the concentration remained close to the maximum for about a week follow- 
ing discontinuance of the drug. Whether such a low concentration can 
have any effect on the malarial parasite cannot at present be stated. 

Whenever the concentration of the atabrine in the blood was above 0.1 
mg. per liter, the identity of the fluorescent material was proved to be 
atabrine only, by comparing the readings obtained before and after the 
addition of the alkaline buffer solution. An increase of 9- to 10-fold was 
considered specific for atabrine and this ratio was always obtained with the 
blood. With concentrations below 0.1 mg. per liter the error in reading the 
instrument was too large to obtain a sufficiently accurate ratio to prove the 
identity of the fluorescent material. 

In the case of urine, during the period that the atabrine was being ad- 
ministered, and for about 2 weeks following its stoppage, the ratio of the 
fluorescence in alkaline solution to that in the acid solution was the same as 
that of pure atabrine, indicating the absence of any interfering substance. 
However, during the 3rd week the ratio began to change and about 4 weeks 
after the last dose of atabrine the ratio had changed from between 9 and 
10 to 1 to about 5 to 1, indicating that in addition to atabrine some other 
substance, also fluorescent, is being excreted. This substance is un- 
doubtedly a decomposition product of atabrine, since prior to administra- 
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tion of the atabrine several determinations were made on the urine of this 
subject and no other fluorescent material could be extracted. Further 
work is being done on the isolation and identification of this substance. 


ras.e II 
Conce niration of 1/ab ine n Blood and Urine of Vormal N ihbiect Recs ng 0.3 im 


of Atabrine Dail 4 jor 5 Da {8 
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These values e probably too high for tfabrine By measuring the ratio of 
thie fluoreé scent material from the irine In ALKATiNne nad Clad Sé ition, the ratio ob 
tained was lower than that for pure itabrine his indi tes the excretion of some 
decomposition product of the atabrine 


SUMMARY 
\ fairly simple and accurate method, based upon fluorescence measure- 
ment, for the quantitative estimation of atabrine in blood and urine has 
been described. 
With this method, as little as 0.1 mg. of atabrine per liter of blood can 


be accurately measured on a 5 ec. sample 








~~ 
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The probable identity with atabrine of the fluorescent material measured 
can be tested by comparing fluorometer readings from solutions at pH 6 
with readings from solutions at pH 12. Atabrine shows 9 times as much 
fluorescence at pH 12 as at pH 6. Application of this test to human urine 
passed during 26 days after discontinuance of atabrine administration 
showed the 9:1 ratio for some days, but a lower ratio later, indicating 
probably decomposition products of atabrine. 

It is proposed that the blood concentrations of a large series of patients un- 
dergoing treatment for malaria with atabrine can be studied by this method 
in order to determine whether any relationship exists between the concen- 
tration of the drug in the blood and the therapeutic results obtained. 
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In a recent paper (Scholander and Roughton (1)) we have described a 
simple micro gasometric technique for estimating carbon monoxide in a 
drop of blood. In this method 40 e.mm. of blood are mixed in a 1 ce. 
syringe with ferricyanide containing potassium bicarbonate and saponin, 
and an acetate buffer is then added. The CO, which is evolved on shaking 
provides a gas phase for the extraction of the other gases of the blood and 
reagents; 7.¢., Oo, CO, and No. After the extraction is complete, the CO. and 
extracted Os» are absorbed by alkaline pyrogallol and the small bubble which 
remains is measured in a graduated capillary attached to the nozzle of the 
The CO is absorbed by Winkler’s solution and the gas bubble 
From the difference between the two readings the CO 


syringe. 
measured again. 
content of the blood is calculated. 

In the present series of papers we have extended the micromethod to the 
estimation of the other blood gases, and have revised the original carbon 
monoxide method. With the improvements now made, the instrument has 
hecome as useful for accurate laboratory investigations as for work under 
field conditions. Since the technique varies somewhat from gas to gas, we 
have thought it best to describe the different procedures in separate papers. 
As the details of the Oc». estimation show the most common and general 


features, we present them first in this paper. 


EXPERIMENTAL 
| pparatus—The present instrument (Figs. 3 to 6) is essentially the same 
as that previously described (1 In its present form it consists of a 1 ce. 
Pyrex tuberculin syringe, with arresting clip on the plunger to prevent it 
from slipping, and with a standard bore precision 0.5 mm. Pyrex capillary 
The top of the capillary is expanded to a eylindrical 
The capillary (7 to 8 em. 


fused to its nozzle 
cup of about 2.5 mm. bore and 1.5 em. length. 
length) is graduated into 30 divisions, each of 2 mm. length. For some 
purposes a few extra divisions are desirable. The blood pipette is made 
from thin walled glass tubing (1 to 1.5 mm. bore) and it is ground smooth 
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at the tip so as to fit snugly into the bottom of the glass cup. The volume 
delivered from the mark to the tip is equal to 100 divisions of the capillary 
and is actually 39.3 ¢.mm The capillary and pipettes can be simply and 
accurately calibrated by means of a micrometer burette (Scholander (2 
The pipettes and S\ ringes as supplied bv the present maker! are inter- 
changeable. A detachable rubber cup of about | ec. capacity is fitted to 
the top of the glass cup when required 

Prine ple of VW ethod—TVhe Ov, CO, and No of the blood and reagents are 
extracted by excess of CO The COs, is then absorbed with 10 per cent 
NaOH. The residual gas bubble is driven into the capillary and its volume 
measured before and after absorption with alkaline pvrogallol The 
difference in these two volumes represents the O. content of the blood and 
reagents \ blank is subtracted for the O. content of the reagents, and the 
remainder when multiplied by the usual correction factor for temperature 
and pressure gives the O. content of the blood 

Reage nts 

1. Distilled water 


2 Caprvlic alcohol 


3. Ferrievanide solution. 12.5 gm. of Kgke(CN)., 3 gm. of KHCOs, and 
0.5 gm. ot saponin are dissolved in water and made up to SO er The solu 
tion should be renewed every 3 davs; otherwise appreciable loss of COs may 
occur and various less well defined difficulties are met with 

| \cetate buffer 70 gm. of sodium acetate, NaC.H,0.-3H.O, are dis 
solved in 100 gm. of water and 15 ce. of glacial acetic acid added 

5. 45 per cent urea. This ts used as a cleaning solution because of its 
protein-dissolving property 

6 10 per cent NaOH 

7. Pvrogallol solution 15 gm. ot powdered ps rogallol are added to 100 
ee. of 20 per cent NaOH in a rubber stoppe red bottle and covered with a 
| 


lave ol oil 2 em this k on top The p\ rogallo] Is dissoly ed under the oil 


by stirring with a glass rod 


Reagents 2, 3, f 5 and 7 are convententls stored in 2 oO yc SVringes, 
and Reagent 6 in a 10 cc. svringe. The svringes have fine tipped, glass 
nozzles attached, and the reat parts ol the plungers are well greased The 


distilled water is placed in a bottle above the apparatus and is delivered 
through rubber tubing with a glass nozzle 

Blood Sample Finger prick samples of blood mav be drawn directly 
into the pipette by Mook’s te ‘hniqgue 3 see also Scholander (4 Larger 
samples of unsaturated blood can be dealt with anaerobically as follows: 


The yhuinget or an all glass 2 oO de svringe Lbs librieate | vith lor 2 drops 
| 


Mr. J. D. Graham, Department of Physiology, School of Medicin niversity of 


Pe nnsvly ining, P} il cle Ip Pi 
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of paraffin oil. A little heparin solution is drawn into the syringe and the 
walls of the barrel moistened with the solution by drawing the plunger all 
the way down and pushing it up again, the dead space at the top and the 
nozzle being left full of heparin. The solution is freed from air bubbles by 
rapid twisting of the syringe in the vertical position, the syringe being held 
by the nozzle or needle, the plunger being arrested by aclip. This procedure 
centrifuges the bubbles to the center so that they can be easily expelled. 
The nozzle is attached to a needle and the blood vessel punctured. The 
air bubble from the needle is cautiously expelled, the needle removed, and 
the nozzle dipped into a dish containing mercury, a little of which is drawn 


into the svringe. The air bubble from the needle can be avoided by in- 
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Kia. 1. Anaerobic storage of blood samples 
Fic. 2. Transfer of blood from storage syringe to pipette 


serting the needle into the blood vessel with another syringe, drawing the 
needle full of blood, and then exchanging the first svringe for the syringe 
containing heparin. A half inch length of rubber tube is joined to the 
nozzle, filled with the blood, and closed with a plug of glass rod without 
trapping an air bubble. The mercury is used for mixing the blood in the 
syringe, which is immersed in a beaker of ice and water (Fig. 1). For high 
accuracy it may be necessary to correct the results for the slight dilution 
vith the heparin solution, which can be determined by weighing. 

For transfer to the pipette the svringe is removed from the beaker, dried, 
the blood well mixed, and the fluid in the rubber tube pumped a few times 
into the main bulk of the blood by working the glass plug up and down. 
The plug and rubber tube are then removed, and the pipette, with the tip 
protruding about an inch over the edge of the bench, is held with its conical 
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tip pressed against the opening of the syringe nozzle (Fig. 2). If difficulty 
is experienced in this step, the pipette tip may be covered with a rubber 
plug with a capillary bore. The pipette is then loaded by screwing in the 
plunger. The svringe is restoppered without trapping air and returned 
to the ice bath. 
Procedure 

1. The syringe is held vertically and any liquid in the cup of the syringe 

is withdrawn by vacuum suction. ‘The plunger is pushed up and the cup 


filled with ferricyanide solution. The solution is drawn down to the bot- 
tom of the svringe and expelled through the cup and removed. This proce- 
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Fig. 3 Fic. 4 


Fig. 3. Transfer of blood from pipette directly to capil 
Fic. 4. Further details of the transfer of blood from the pipette to the capillary 


dure 1s repeated twice with fresh lots of ferrievanide vithout trapping air 
bubbles. No grease or oil is used in the syringe 

2. The glass cup is filled to the mark with ferricvanide and the lattes 
drawn down to the bottom of the cup 
3. A drop ot capry lic aleohol is deposited on the bottom of the cup 

t. The pipette is filled with blood to the mark, wiped, and held at a 
slight angle to the horizontal, so that the blood does not run out when both 
ends of the pipette are open to the air. With the svringe at the same angle 
the pipette is cautiously introduced into the glass cup, and its tip pressed 
snugly but not too vigorously against the bottom of the cup (Fig. 3 

5. By pulling out the plunger gradually the blood is slowly and evenly 
drawn down into the capillary, followed by a bubble of air of about 1 mm 
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length (Fig. 4, A and B). If the tip is properly ground and the right 
/ amount of pressure applied, no appreciable amount of caprylic alcohol is 


drawn in during this step. The bubble of air prevents any blood being 


sucked back into the tip when the pipette is removed. 
6. The pipette is quickly removed and the bubble of air (Fig. 4, C) is 


| then expelled through the caprylie alcohol, with aid if necessary of a piece 


| of fine wire or by tapping the capillary. 
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bye ) kr b 
| ». Shaking of svringe and extraction of gas 
Fie. 6. A and B, svringe showing the technique for absorption of the CO, used for 
if n;€, temperature equilil ration ol gas bubble in capillary before the reading 


7. A trace of caprvlie alcohol, 7.e. about 2 divisions length of the capillary, 
is drawn down onto the top ol the blood and the rest of the caprvlic alcohol 
is removed from the cup 

&. The cup is filled to the mark with acetate buffer and the latter drawn 

| down to the bottom ofthe cup. 

0. The cup is then immediately filled.to the top with 45 per cent urea, 
and then closed firmly with the finger. 

Il). The closed apparatus is vigorously shaken in the horizontal position, 
the plunger being gradually drawn out as the CO, and other gases are 
evolved, the gas pressure in the svringe being kept roughly atmospheric. 
The total volume evolved is usually about 0.75 ec. (Fig. 5). Shaking is 


continued for a total of 2 minutes. If the proper amount of COs, is not 
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evolved, it may be necessary to adjust the strength of the bicarbonate in 
Reagent 3 according] 

11. The finger is cautiously released, the syringe plunger being manipu- 
lated so as to kee p the gas meniscus in the capillary \ small amount of 
urea is allowed to run down into the capillary and left there until the walls 
are perfectly clean 

12. Three quarters Ol the urea solution in the glass cup is removed, and 
the rubber cup adjusted and filled with 10 per cent NaOH without trapping 
air bubbles (Fig. 6, A 

13. A little NaOH is drawn into the svring¢ Chis absorbs some COs. 
causing a partial vacuum which quickly sucks in more NaOH until only a 


} 
| 


small bubble consisting of O., No, and CO (if anv was originally present 1 


) 


the blood) is left at the top of the svringe (Fig. 6, B Che absorption takes 


a few seconds and just before it is complete the residual bubble is screwed 
slowly and carefully up into the capillary bv manipulation of the plunge) 


14. The rubber cup is removed and the glass cup emptied 


15. The capillary is placed for } minute in a beaker of té it room 
temperat ire (Fig i). ¢ 

16. It is then removed, dried | ight wiping, care being taken that tl 
eapillary isnot! indled and the volume Ol trie biabble re (i | C1I\ SLOTS 

17. The glass cup is then filled with pvrogallol solution and the Os o 
the bubble is absorbed by pulling the gas bubble down to the bottor he 
capillarv and back again a few times. Finallv the bubble oved ve 
slowly up into the top part of the capillary and after a further temperature 
equilibration if olume is read again, |») divisions | 7) 
divisions. the seeond te ye e eq ihbratior i? r ) ( 

IS. The blanl btamed b i similar experiment it} hylan 
vwdded 

Ig, Te ish the instrument, the plunger is pulled out unde tream ol 
running iter and the blood mixture poured out ihe svringe ts filled and 
emptied several times ith water before the plunge Is restored Lhe 
plunger should never be torced inwards if there is a resistance due t 
precipitates inside it Occasionally the whole svringe she e rinse 
vith dichromate cleaning soliton 

In the measurement of the bubbles it is essential to move nen e) 
slowly and eve! so as to assure good drainage and t e conditions 
under which the captila nad pipett ere calil te the x etel 
murette te hnidgue Ches« adenheate (j stments are ill i U 
tating the plunge ent t! sere nhs tw} t eine ! 
out Slipping back oft the plunger is prevented | stment ot 
the arresting clip Careful control of the movement of the bubble is se 


cured by using the little finger as a brake against th plunge Until one 
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thoroughly acquainted with the technique, duplicate readings should be 
taken: if these varv at all, the smallest reading is taken to be the correct one. 
Caleulation of Results—The oxvgen content of the blood equals 


V 4 ( _— ¢ (1) 


where ¢ is the blank correction for O», content of the reagents, f is the cor- 
rection factor for temperature, aqueous vapor pressure, and barometric 
pressure 

The value of ¢ is usually 1.0 to 1.1 volumes per cent at room temperature. 

f may be read off from a nomogram or from the usual tables such as that 
given by Peters and Van Slyke (5). In the computation of f the aqueous 
vapor pressure is assumed to be that over pure water, whereas with the 
solutions over which the gas bubbles are read the actual vapor pressure may 
be as much as 3 to 4 mm. lower at room temperature. This would only 
change f by about | part in 200, which would be barely significant. In 
practice we find that the length of a given bubble of Ne (20 to 25 divisions 
total length) is the same to within 0.1 division whether read over water, 
10 per cent NaOH, 20 per cent NaOH, or the pyrogallol solution. 

Votes By filling the dead space of the svringe at the start with ferri- 
evanide instead of water the blank amount of dissolved Os in the reagents 
is cut down. For this reason also only a minimal amount of caprylic 
aleohol is used, since the solubility of O. in the latter is about 5 times 
sreater than in water 

The object of the urea solution is to clean the capillary of blood so that 
no traces of blood precipitate are subsequently formed there by contact 
vith the strong alkali 

The speedy adjustment of the bubble into the capillary at the end of the 
(QO, absorption helps to eliminate reabsorption of OQ. at the critical moment 
at which the partial pressure of the O. becomes high (7.c. nearly | atmos- 
phere 

Temperature equilibration of the bubble before the measurement of V, 
has proved necessary, for with long bubbles a contraction of nearly a divi- 
sion may be observed as a result of immersion of the capillary in the water 
bath 

In our original method for CO estimation in blood none of the above 
precautions, except filling the dead space of the svringe with ferricyanide, 
vas taken nor was the method of delivering the blood from the pipette so 
satisfactory and complete. It is, we believe, the summated effect of these 
various lmprovements that now makes it necessary to apply the full cor- 
rections tor temperature and pressure, whereas in our original paper the 
effect of these omissions was by chance such as to counter almost exactly 
the temperature-pressure correction, Which was in fact left out. 

The stronger and more alkaline pyrogallol does not under the present 





548 MICROESTIMATION OF BLOOD GASES. 1 


conditions evolve appreciabl CO during the O absorption. This matter 
together with a consideration of the drawbacks of the more conventionally 
used hydrosulfite-anthraquinone O, absorbent is discussed in ‘“‘ Appendix I” 
to Paper II on carbon monoxide estimation 

For accurate and satisfactory results the blood should be fresh: 7.c., not 
more than 24 hours old 

Presence of ether in the blood may lead to serious error, which might 
possibly be checked by some modification of the above procedure This, 
however, has not vet been attempted. 

Accuracy of Method Mur first check ol the method Vas to analyze 
bubbles of atmospheric air for O. and COQy. The dead space of the syrings 
was filled with distilled water and bubbles of air of 18 to 27 divisions length 
were drawn into the ecapillarv. WV; was measured after temperature 
equilibration in the usual way and the O. plus CO, of the bubble was then 
absorbed by p\ rogallol “as abor Cc and V measured Phe follo Ving readings 


were obtained 


} 24.2 25.0 25.0 25.0 24.3 26.9 17.9 2 () 
| 19.0 1O_8& 19.9 19.8 19.4 = { () 7.4 
O74) (‘() 21.5 20.8 ").4 20.8 "my 9 mm © 21.7 7.9 
\verage 21.0 per cent +0.7 at most 
These results are within the accuracy of the visual readings of the bubbles. 


for an error of 0.7 per cent in the computed Os corresponds to an error o 


only 0.15 division in the reading of the length of the bubbk Che averag 


agrees closely with the theoretical figure 


oO 


hora Hilood 


In our next check the complete procedure Was run throu 


() analysis, save that In place ot the hlood 1 me sured } ib] e ot atmos 


pheric air was used and the per cent O. in the latter determined. Nine sucel 
determinations gave the following figures: 21.8, 20.4, 20.9, 20.7, 21.4, 20.9 
21.6, 21.1, 21.0: average 21.1 per cent +().7 at most Che result of this 
test is thus as satisfactory as the first on As a further check of th 


principle of the method we may plots the excellent agreement found u 
Paper III between the N. content of aerated distilled ite ind the figure 
expected from the solubility coefficient of No in water as given in the usual 
physicochemical tables We have also carried out imilar and « jually 


satisfactory checks by the method on the amount of dissolved air in aerated 


distilled water at 24 We obtained values tor the solubility coefficient of 

76 and 1.70, mean 1.73, as compared with the figure of 1.74 given in the 
tal les 

These varied tests seem to leave no doubt that the instrument and 


method are, in the handling of ino) 
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accuracy of the reading of the length of gas bubbles. To prove that the 
/ came holds good in the ease of blood, we have carried out a series of com- 
parisons of the O, content of blood by the syringe method and the usual 
Van Slyke method, | cc. samples being used in the latter. These checks 





are presented in Table I. 

The spread of individual readings by the syringe method is usually not 
more than 0.2 to 0.3 volume per cent. Only in one case in Table I is there 
' a spread of as much as 0.4 volume per cent. We may thus conclude that 
anv individual reading should be correct to 0.1 to 0.15 volume per cent. 
This is confirmed by the agreement between the means by the syringe 
method and the Van Slvke method. The maximum discrepancy is 0.13 
volume per cent and the average discrepancy only 0.05 volume per cent. 
The very satisfactory agreement in the three tests with partially saturated 


TABLE | 
Comparison of Oxygen Content of Blood by Syringe Method and Van Slyke Method 





lhe values are given in volumes per cent. 
Syringe method Van Slyke method 
\ Individual! readings Mean Mean Individual readings 
/ 
Oxygen capacity 23.1, 22.8, 22.8 22.9 22.77 22.65, 22.85 
ed blo » 9 99 2 » 9 99 9 99 3 99 9 
from different 21.7, 24.6, 22.8, 28.9 21.75 21.7; 21.8, 21.7 
dividuals 
Oxygen content 16.5, 16.3, 16.2, 16.1 16.2, 16.1 16.1, 16.2 
partially sat 10.6, 10.7, 10.7 10.6; 10.65 10.7, 10.6¢ 
ed | d a2, By oe 2.67 2.75 2.74, 2.76 


blood shows that no appreciable Oy» is gained by the blood during the trans- 


ler processes in the sy ringe technique. 


DISCUSSION 


The aims of this research were to dey ise a gausometric method for deter- 
mination of the O. content of the blood which should be accurate, rapid, 
| reasonably easy to learn, require only a drop of blood, and only involve 
| relatively cheap and easily portable apparatus. The tests given above 
show that these requirements have been attained. The accuracy (of about 
0.15 volume per cent) is as high as is needed for most physiological pur- 
poses. The time taken by each determination is only from 6 to 10 minutes 
and a reasonably skilled observer should be able to master the technique 
in a dozen or so practice determinations. The other points are likewise 
met in the technique as described. 
The method is already being applied to the study of shock and other 











550 MICROESTIMATION OF BLOOD GASES 





problems in experiments on small animals, from which the quantities of 
blood readily obtainable are insufhicient for the usual accurate gasometrie 


methods. It is hoped that there will be much further opportunity for 





application of the method along these lines, as well as in clinical use lol 
observations ot Us capacity and content It is possible ilso. that the 


method mav be of service in students’ courses } 


SUMMARY 


The svringe-capillary method of Scholander and Roughton has been 
idapted to the microdetermination of OQ» in blood The volume ot blood 
sample required is 40 ¢.mm., the accuracy Is 0.15 to 0.20 olume per cent 
and the time for a single determination 1s from 6 to LO minutes he 
apparatus is portable, does not require refined laboratory facilities, and th 
technique is reasonably easy to lear 

Dr. Nelson Ordwa so apphed the Inge method t f WNAtlor 
of O» content of blood. He tells us that he has attained ost the same 
LeoCUurar nd concordance with the Van Slvke method Wy 
ur ch indebte o him tor information on this and ot! 

IBLIOGRAPH 














MICRO GASOMETRIC ESTIMATION OF THE BLOOD GASES 
Il. CARBON MONOXIDE 
By P. F. SCHOLANDER 
From the Edward Martin Biological Laboratory, Swarthmore College, Swarthmore 
anp F. J. W. ROUGHTON 
From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston 


Received for publication, February 26, 1943 


In the present paper we describe three applications of the svringe tech- 
nique to the microdetermination of CO in blood: (a) a general method for 
saturations ranging from 0 to 100 per cent COHb, (b) a method for com- 
hined determinations of O. and CO on one sample of blood, (c) a special 
method precise enough for blood volume determination in which the CO 


content Is kept below 2 volumes per cent. 


General Me thod for Estimation of ¢ ‘Oin Blood 


| pparatus-—These are described in our original paper (1) and in Paper I 
on O. determination (2 

Principle of Method-——The Oz, CO, and N, of the blood and reagents are 
extracted by excess of CO, evolved by the reagents, and the CO, and O, 
subsequently absorbed together by alkaline pyrogallol. The volume of the 
residual gas is measured in the capillary of the instrument before and after 
the absorption of CO by Winkler’s solution. The difference in volume 
multiplied by the correction factor for temperature and pressure gives the 
CO content of the blood in volumes per cent. No blank correction is re 
quired for the reagents, since the blood itself is the only source of CO. 

Reagents 

1. Aerated distilled water. 


» aprvliec alcohol 


3. Ferrievanide solution i2.5 gm. of KsFe(CN)s, 3 gm. of KHCOs, 
and 0.5 gm. of saponin are ground in a mortar and dissolved in water to 
make up to 50 ce. The solution should be renewed every 3 days. 

!. Acetate buffer 70 em. of sodium acetate (NaCsH;02-3H2O) are 
dissolved in 100 gm. of water and 15 ec. of glacial acetic acid added. 

5. 45 per cent urea 

6. Winkler’s solution. 20 gm. of cuprous chloride, 25 gm. of ammonium 
chloride, and 75 gm. of water are placed in a bottle just large enough to 
contain them The bottle is corked, shaken with as little air as possible, 
and the precipitate then allowed to settle A coil of copper wire is placed 
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6. The pipette is quickly removed and the bubble of air is then expelled 


1 
tT 


rough the capry lie aleohol, with aid if necessary of a piece of fine wire or 


is 


by tapping the capillary. 
\ trace ol caprvliec alcohol, ).e. about 2 divisions length of the capillary, 


is drawn down onto the top ol the blood and the rest of the caprylic alcohol 
is removed from the cup 

the mark with acetate buffer and the latter drawn 
down to the bottom of the cup 


9. The cup is then immediately filled to the 


top with 45 per cent urea, 
and then closed firmly with the finger. 


10. The closed apparatus is vigorously shaken in the horizontal position, 


the plunge eing gradually drawn out as the CO. and the other gases are 
( ed, the gas pressure being kept roughly at atmospheric. The total 
On e evolved should be about 0.75 ce. If the amount 1 appreciably more 


than this. the concentration of KHCQOs in the ferrievanide reagent 


should be correspondingly adjusted. Shaking is continued for a total of 
) nite 

he finger is cautiously released, the syringe plunger being manipu- 

( keep the gas meniscus in the eapillary. A small amount of 

n into the capillary and left there until the walls are per- 

2 hire ers of the urea in the glass cup is removed, and the rubber 

i na ed un | og llol solution ithout trapping ill 

, A litthe Vrogallol is drawn into the svring his absorbs some 

CO. and Os, causing a partial vacuum which quickly sucks in more pyro- 


llol until only a small bubble consisting of Ne and CO (if any was origi- 


nally present in the blood) is left at the top of the syringe. The absorption 
take ew seconds and just before it is complete the residual bubble is 
! ip into the capillary by manipulation of the 
t Tl ( emoved and the glass cup is emptied 
y it pillarv is placed tor halt mintte ina beaker ot water at room 
emp ‘ 
{ ariea | hight wiping, care being taken that the 
pil $1] handle nd the volume of the bubble read, V,; divisions. 
7 ne giass cup Is flushed clean with water ind left filled About 
ee-fourths of this water is pulled quickly down into the syringe, forming 
er on top of the heavier blood mixture (Fig. 1, A Che bubble, with 
clean water below it. is then at once run up to the top of the capillary 
IS | OlASS Cl tied of watel and filled vith W inkler’s solution. 


19. ‘The svringe is then pointed with the cup downwards, the capillary 
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making a slight angle with the horizontal (Fig. 1, B Bv cautioush 


screwing In the plunger the gas bubble is driven out into the glass cup wher 


it rests neal the junction Ol the capillary and the Cup \s SOON “As the bub 


ble 1s Iree 1n the CUD, Winkler’s solution is sucked behind if SO AS to half fil] 
the capillary Gentle rotation for a few seconds completes the absorption 
ol the ( () Ihe svringe 1s then turned to the verti i| position with the 


cup do Vn vards and tl e gas bubble Ls sucked Pyene k Into the ¢« pillars and 


its volume, Vo, measured 

‘ | ‘ | ] } 

20. ‘To wash the instrument, the plunger is pulled out unde tream of 
running iter and the blood mixture poured out he svringe 1s filled 
ind emptied several times with water before the plunger is restored he 
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\ tion is applied in the present analysis but not in the original paper are 
explained in Paper I on O, estimation by the micro gasometric method. 
tecuracy of Results--With this method the spread of individual readings 
| on a given sample of blood is found to be onlv 0.2 to 0.3 volume per cent, 
as was also the case in the ¢ de determinations \s Table I shows, the con 
cordance with the results of a Van Slyke analysis (Horvath and Roughton’s 
| Method \ modif ed is equally good he 1 ean hgures only are viven in 


lable [ Samples [, d. Ix, and Ei tah e the CO contents ol the venous blood 


of four normal workers in the laboratory 


i 


Mean Value of Carbon Monoxide Content of Blood Determined by General Methied 
Ihe S eC give! volume , 
\ I nple ¢ 
( () pac 
> y oa } HA) 9.4 
Horv 
R gl ns 
\l \ } 20 1.4 
ample 
( H J h | 
() 
17 
(‘() 
~ yy , 0) 6 ) 0.2 0.2 0.2. 
Hor } 
I 
Roug 
\l \ 7 2 6 0.3 0.1. * %. 09? 
( / 7) ; £2) a () ) Szngl Sample of Blood 


Phe O. content of the blood is determined by means of steps (1) to (17 
given for the estimation of OQ». in blood in Paper | The glass cup and 


capillary are then thoroughly washed with water, filled with Winkler’s 


solution, and the CQO content of the bubble determined by the method 


lescribed in steps (17) to (19) above for the general estimation of CO in 
blood 
\s a test of the method one Sumpile ol blood Sample A, was aerated, 
hereas a second sample, /.e, Sample B, of the same blood was equilibrated 
ith N. containing 10 per cent CO wo mixtures vere then prepared, the 
st containing 2 parts of Sample A and | part of Sample B, the second con 


taining | part of Sample A and 2 parts of Sample B.  Estimations of the 





556 MICROESTIMATION OF BLOOD GASES. II 


CO and ©. content of all four blood samples were made by the combined 


r ethod., toge t} er with estimations hy the () method ilone oft the (» content 
| 
| 


of Sample A nd by the CO method alone of the CO contents of al rout 


blood samples rhe results are given in Table II It is seen that there is 


ii} 


satistactorv agreement between the results of the single method and of the 


combined method, that the sum of the Os. and CO eontents of the tour 


blood samples is reasonably constant, and that the Oo and CO contents of 


the mixed blood samples agree well with the expected figures, except 1n one 
cist 
SN / f RB ( N 1) f (0) 
be most NUrposes HI ( | ( o1roto lO per cent rn tl a Ol © 1s 
+} e ‘ +} ming , ( ‘ ; ‘ vl ; p thi } ological 
P . leterminations of the blood dtume bv tl ( ‘() evtnod it is 
| 
} (}) ( \ . 
\ 9 S , , 
( \ ri j 
) \ y. | 7 ~ 9 ) 
i v 
~ \ | 
il ( ! ure ! ( 0) eC! ( hie hood aor ( 2 |) Imes 
or ‘ } res tl tT? ext mrali fhe € ©) nt ! ( Om 
shy i be correct 0.03 to 0.05 rye CP] Loe n th ecura 
it} “Vringe tech eit has been necess etl e of tk 
‘ | ‘ 1) =o] ft S18 ! “ the 
’ ri ’ ’ rye pat “) ’ ‘ t at ‘) rye? 
s ext ed Ol th (') ( thy od hye { t} 
the relat v I () ( ed Z0) mil od there 
f T pre { ¢() l ! ) ! 
’ 
niess the ()% of the blood has ISI ed dition ¢ enk 
Ikaline hvdrosulfite. With 40 hlood. as | i, thods 
‘ ‘ seribed in ti pa (‘() to tio! l¢ ed 
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Reagents—Those reagents described under the general estimation of CO 
in blood are used together with the following. 

Hydrosulfite-borate solution. A stock solution of 3 per cent borax 
NaeB,O;-10H2O) is prepared. 1 gm. of NapSeO, is dissolved in 50 cee. of 
the horax solution and stored in a glass-tipped svringe The final solution 


should not be kept more than 2? davs 


Procedure 


ed with hvdrosulfite-borate solution, which is drawn 


j 
f 


down to the bottom of the svringe, and then expelled, leaving the dead 
ind the capillary filled with the solution. 
2. The blood is drawn down the capillary directly on top ol the borate 
solution trom a pipette calibrated to deliver 3 times the usual quantity ot 
hlood No ecaprvlic aleohol is needed at this stage 

5. The blood is drawn down to the bottom of the capillary and the 


syringe rotated horizontally round its axis so as to mix the hvdrosulfite 


t. I svringe is then restored to the vertical position and the blood 
tion brought to the top of the capillary 
5. The glass cup is filled to the top with ferricyanide solution and the 
vhole of this drawn down 
(. 2? or more divisions ot caprvlic aleohol are placed on top ol the ferri- 


le solution in the capillary so as to protect it from contact with the 


( ( (| the next step 
7. The glass cup is rinsed with water and filled to the mark with acetate 
hich is then drawn down a fe divisions below the bottom of the cup. 
he cup is then filled with water and closed at the top with the tip of the 
ning Ss SOO! s the few divisions of air have been expelled from the top 
f tl ill lhe gases are then extracted in the usual way by 3 min- 
‘ hes ne is then turned to the vertical position with the cup down- 


nd the plunger pushed in so as to give a slight positive pressure. 
) With the svringe held over a dish, the finge tip is removed from the 
I 1 te may be accurately enough calibrated to deliver thrice the 
Way Che pipette is filled up to the mark with 


ted so that the mercury column moves into the cylindrical 


Its length is measured, and a second mark is scratched on the 

from the usual mark. Further precision has recently 

se of blood containing less than 2 volumes per cent of CO 

f 6 times the normal quantity of blood (7.e. two loads of the pipette calibrated 
lo insure laking of this larger quantity of the blood, 


» gm. to 1.5 gm. per 50 ec. of ferricyanide solution. 


I int f saponin 1s also to be recomm«e nded as a safeguard in genera! 





top of the cup mia hud - expelled ntil the gas mens is Is | lt vav down 
the eapillar he gas-containing part of the svringe cham) ust not 
( touche | vith the nana 
LO Che glass | ip is filled to th top vith water and then slanted down 
wrds and the gas bubble pushed to thi end of the capillary Che blood 
. ture DASSt into the eu nad settles tl roug! thy t; 
With the ins nent st | slanting tel Ke ! rillear 
| I i| 
\/ J) .7 
| 4 
X 
_ { 
} ~~) 
~ \ Z i) Z . ~ 
ri “ 4 * 
is 7 ‘ ” 
| 
r { t} 
12. The it or 
rie , i} rig ? | ?? ‘ Tics 
" ‘ +} " ' Iw 
) Lhe =4 ( ii 
ire pe ect en! 
14. The CO. and O e ther ( ed th pvrogallol and the re inde 
of the procedure t} e the for the ger n of CC 
n blood 
‘ | -, 4 
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This has been principally checked by the method of 
of blood, Sample A, was aerated and its very slight 


determined; a second sample of the same blood, Sample B, 
vith 10 per cent CO in N, and its CO content also determined 


ly known proportions of Samples A and B were then 


| 
} 


e observed CO contents compared with those caleu- 


tions in which Samples A and B were mixed. The 
lable II], Experiment 1. The concordance of dupli- 
greement with the calculated figures show that the desired 
f 0.03 to 0.05 volume per cent is successfully reached. 


xperiment (Table IIT, Experiment 2) all the CO contents 


Van Slyke method as well. The concordance of 
eement with the calculated figures is as good as in 
ermore the checks with the Van Slvke figures are 
ughout 
Fable II] the CO contents of venous blood from six 
| both by the svringe and the Van Slyke techniques. 


be satistactory 


DISCUSSION 
chnique as first described by the writers (1) was 


field method for the determination of the CO content 


yposed DV reason Ol their oc upation or other causes, 


leed already been used in an expedition on Mount 
e formation of CO in tents and snow houses was 


attained in this preliminary work was ap- 


( ! ceidental cancellation of errors of opposite 
y now reported puts the technique on a more 
ndeed applicable to various physiological prob- 
erned and in which an accuracy several times 


n the determination of the content of CO- 


ch problems, some of which have vet to be 


~ ‘ } 


e measurement of the blood volume (already 


termination ot the rate of ( O uptake by man under 


iding the measurement of the diffusion constant 
t measurement of the arterial O. pressure by the 

H] ild ne 5 l the question ol whether and how 
(‘O-poisoning (Killick (6)), (e) the possibility that 
irise in the bodv bv endogenous metabolism. 
chnique has already been applied or is being applied 
ind may likewise have interesting possible applica 


f the other problems 








560 


() ‘Af 
'?) ? 


rie 
or 
() 
\ 
hie r) 7 
} r) f¢ 
{ ) 
I 
{ 


| 


KOH 


rie 
t} 
i 
i 
‘ 


OOD « 

, 

vO ony 

ral 

,toO OO 

l ( 

; 

\ 

\ f 

() 

\ 

\ s.() 

{) 

—f) 
( 





561 


I SCHOLANDER AND F. J. W ROUGHTON 
product of the reaction between O. and pyrogallol. In our original micro 
easometric method for CO in blood we used 5 per cent pyrogallol in 10 per 
ent NaOH, | ing found bv controls similar to that given in foot-note 2 
hat ith fresh solution CQO was not evolved to an appreciabl extent 
Subsequent tests. however, showed traces of CO occurring and we have 
herefore substituted the stronger and more alkaline px rogallol solution 
les ed in this pape With the amounts of O. vielded by 40 ¢.mm. of 
hlood this pvrogallol solution has not been found to evolve any CO when 
aad nge technique, but on the other hand traces of CO appear 
wait this solution when 3 times wh Oo-containing blood ts 
r : tt, rocedure e have torestalte | this trouble by reducing 
+ h we Ikaline hvdrosulfite befo dding the ferricvanide, 
' oO} ery s ces of Oo are subse jue ntly extracted 
vas pl nd conse ently the secondary CO formation from 
o ean} \ite tep (9 n the special method for blood 
ning s (‘() the concent tions of Os and hemoglobin 
P ssiied ( i e so low that hydrosulfite might possibly be 
; fh ‘ n step (14). t this e have not attempted, 
:' pects, | sv to handle in the capillary 
yper Il 
y | e\' | 
if ath and Rought Wethod A This method is the 
ct relial ff those recently described by Horvath and 
0 Q { ertain disadvantages rhe daily deaeration of the 
nstuuming and in the se of the ferrievanide often 
styl < hown bv rather rapid darkening of 
| ore, the 10 per cent NaOH, which must be used 
(‘) o tot ve alkah-binding capacity ol the strong 
»n the (CO evolution. not onlv produces a rather 
o <0 1S ( ipt yvnel dde to the low 
( ibbling and boiling (owing 
nc f +} NaOH and the high heat 
ng rn} , 1 these difh es we have 
( <ed above in the 
(“) | (Reaget | ) if this solution 
2 nt KsFe(CN)s. TI " erated by 
uv ‘ ( es t i 1.0 ee. of 
ed (() lissolved air in the 
( () 
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Slyke, D. D., Quantitative clinical chemistry, Methods, 
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ESTIMATION OF THE BLOOD GASES 


Ill. NITROGEN 


A. EDWARDS ano P. F. 5! HOLAN DER 


Vorg H H ( 4, Bo 
| blica 6 45 
s 1) ringe analyzer technique |. 2) has been ap- 
on ot the dissolve d nitrogen content of water, blood, 
( hod is vé similar to, vel simpler than, the cal 
| d oved its usefulness under 
eld ( mn studies on the formation ol 
|} snow houses on \fount Washington 3 
‘ IMI 
| = Lest pea Scholandel and Rough 
2 it el ( ks. being Ca brated to delivel ‘3 times 
l v ( { ) ethod, as ( is the ordinary amount. 
| atte see the preceding papers (1, 2 
ood ed in the syringt inalyzer with 
{ he 1 CO. provides a& Sas phase 
ssolved % he blood and reagents 
{) none ¢ ne Vv Lt ( () and (). are then 
ll ( | ( ipbbie ol N vhicl s left is 
ng ! ling, les mall blank from 
u | tol tor for temperature 
! ‘ 1 u \ ntent ol he blood 
\ 
> | 
0 KHCO 11s ed in LOO gm. ol 
4) u if NaH.PO HO ( disso] ed iW 
OO tant volu hout 142 ee. at 20 
| » gm. O nixture of sodium hvdrosulfite, 
\) | nd soa nth Wino! tO 1 part, are idded to 50 
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be vithdrawn as the CO, is evolved The gas pressure 


tion, the plunge! pemg 
tatn ospheric The volume of the vas finally 


, 
Inge must be kept at 


lved sho ild he 0.6 to 0.75 ee 


7 The finger tip is cautiously released, the plunger being manipulated 
so as to keep the gas meniscus in the capillary 
Q The ea solution is drawn down to the bottom of the capillary with- 
ont being allowed to enter the svringe barrel. This prevents subsequent 
ontamination of the capillary wall with precipitates from the blood. 
QO Th he rn th ertical position, the rubber cup attached, 
, ‘ ( t] hvdrosulfite solution dded ithout trapping air 
0 A little of the hvdrosulfite is gently drawn into the syringe, creating 
hict the rest of the solution needed for absorption of 
he ('() i } r () re resent 
i. wished up into the lower part ol the capillary Che 
ed O erul cup and the latter detached rhe 
) hie ed hree-fourths of which is drawn down 
ey, ( OP ¢ the blood | Lr 
2. The a) pushed up into the clean eapillarv very gently and 
~ ( ( eC] t rool tf perature to bring 
nee ms CU TPO the Deane dried by light wiping, care 
takel ! not handled, ind the volume ot N. read, 
a Li , S led out under a stream ol 
| 1 ire ( Phe syringe is filled and 
1 time t] ter before the plunger is restored. The 
( di ds if there 1s resistance due to pre 
() the whole syringe should be rinsed with 
{10 Re d also he ide to the 
( nd figures given in Papers 
, | () (°C) ce 110 
| | tal f gas which is evolved 
g t of N. therein is determined by running 
h step (3) omitted (the introduce 
so If he « nt | in first determining 
| anal od has ping effect upol 
} na dis t the (‘Q) 1s not 
( nd th down into the svringt 
In the nal on the other hand. the reactior begins immediately 
ontact ‘th the hiearbonate and hence some 
( ! ? } re \ e lost to the o tsic lo 
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TABLE | 
Content of D ed N. in Distilled Water by Present Syr ng Uethod and 
Cent fudge Method 


e method ae ee Centrifuge method, 
tent Theoretical value Ne content 
l. per cer 1. per cent vol. per cent 
1.20 1.20 1.20 


1.20 1.19 


| ") 
Ltn O49 0.09 
).97 

iy 


\ ( , ; 
‘ 4 
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e SUMMARY 
he ringe-capillary method of Scholander and Roughton is adapted 
ith minor moadihieations to the measurement of the dissolved N» content of 
| blood, water, and other fluids. The volume of fluid required for a single 
determination 1s 120 ¢.mm., 


the time of observation is 6 to 10 minutes, 
i¢ ( racy L-() O5 volume per cent 
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and No 


, generated by 


, WY, 


lepend on the extraction of these gases with ( Oo g 
nts, and the sy removal of this gas by alkali. The same prin- 
hy d to the carbon dioxide of the blood onlv if some PAs 
ntU ed as Ul extracting medium We have tried several 
go CO, NO, SOs, and HS, but in each case have met with 
ties that no practicabl method with any of them has 
ned (Carbon dioxide is, by comparison, ideal as an ex- 
het on of the other blood gases 
ence ¢ he micro svringe method made us loath to abandon 
ng it i micro ¢ irbon dioxid determinations We 
( vated the feasibility of vacuum extraction in the syringe, 
that nute leakage | itmosphe ric all vould be unim 
( i! less than O.1 per cent CO With the technique 
elo tl leakage 1s cheeked and offers no problem The 
CO) special difficulty and it is mainly on this account 
needed than in the technique for the less soluble gases. 
expected, is somewhat less than in the previous 
ti his the method has proved, in our hands, very 
EXPERIMENTAI 
| y er and pipette with ground tip as described in the 
1 oden plug to seal the capillary during the vacuum 
he end round toothpick is dipped in rubber latex and a 
thie lp It is dried, tip downwards, at a moderate tem- 
en. About 1 inch of the coated plug is used (Fig. 


fixed position during 
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+} Hy <traction \ piece of light sheet metal about 1.5 em wide 








‘ ( 
» £ . . ' 1 , 
ind 9.5 ong is folded into a U-shaped channel lo apply the vacuum 
one end ¢ ne s ce s pressed agninst the expanded lows end button 
1 | ] . 
Ot the ne 1 tre tte! s then dara n out nti Tl orn end oft th 
space esses st the butt end ot thes nge barre he length of the 
: . 
Space ~ ad Ted Ss i i} VAS Pl ‘ ) iM TU¢ In the barre 
) 
lig b 
| | 
} / | hood rhe LCuULU 
; ed in tl svrine' sing the r)] t re Dbe tippe | 
oF nd a ne the unger ¢ ‘ he pos Ol ‘ e sp ind 
ner } kins ) hig ( a4 tty u thy 
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5 and 4 may best be stored in 2 


2 or 5 ce. syringes with glass 
tips attached. The glycerol is best kept in a 2 cc. syringe having a No. 20 
needle, the point of vhich has been ground off Che distilled water may be 
stored i hotth ith rubber tubing and glass tip attached hanging above 
the hencl 


] 
K Samples ol 


| hlood may he obtained anaero- 
by the technique of Mook (5) (see also (6 If the arm 1s warmed, 
one n, in this simple way, obtain blood which is practically arterial 
See also the svringe technique in Paper I on oxygen estimation. 
Procedure 
ihe eal ue taken apart and the wate shaken out of the 
d the plunger dried The rear part of the plunger is lubricated 


K tT gives rol and returned to the moist barrel. 


th illed water and the latter is drawn one-fourth 
if t} 1 expelled thro igh the cup leaving the dead space ol 
ge full o ter without trapping any air bubbles 
r PaG - 


pulled out very slightly so that the water meniscus at 


» is lowered 1 or 2 mm. down into the capillary 
od pipette is held against the opening of the capillary, trap 
bubble Che blood is drawn down very slowly into the 
the air bubble separating it from the wate) 
mon LOO D 


ick and then half fill it with blood, trapping 
hhie in 4] pill 


( pillar lhe blood is then drawn down into 
| ( elng sed as a protective against (( loss It 
od is stored it vringe, it is convenient to attach a capillary glass 
nd ther fter good mixing and discarding of a few 
ough the tip, the cup is filled to the mark directly from the s\ 
5 With the Y eniscus at the 30 or 35 mark, the pipette is detached 
the blood in the cup sucked off The upper blood meniscus is slowly 
oved to the zero mark and the amount of blood read, } divisions 
5 \ ! ter | ep ocedure thie hlood I> moved down to a special 
ched at 33.3 division With a fine suction tip the upper menis 
ed ictly to the zero mark, the lower miniscus of the blood 
v SII taneously kept at the 33.3 marl In this wav exactly one-third 
he normal pipette load is used and the volume of CO. found has, after 
thye <1] l eorrection tor femperature et simply to tv multiplied by 3 to 
give the C(O. content in volumes per cent 
| 
{ \ ( ilecohol Is deposited ! { OLTO! t the « Ip and 
‘ ) , e the blood elected through the pillar vith the aid 
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i5b. If the entrance to the capillary should get bridged by fluid while the 
unger is being let in, the speed of the plunger must be so adjusted that 
the bridge moves very slowly up the capillary, thus enabling proper drain- 
ge tO take plac 

ld. When the gas bubble 1s at atmospheric pressure, the plug is removed 
nd the upper meniscus moved slowly and evenly to the zero mark. 


7 he capillary is placed for } minute in a beaker of water at room 
temperature It is then removed and dried by light wiping, care being 


Ken That tli capillarn Is not handled. 


8 The volume of the bubble is read, V; divisions, without any unnec- 


ss djustments, as this may lead to appreciable reabsorption (the 
been properly drained during step (12)). If the 


idge. subtract the length of this from the total 


» the top with water and three fourths of the latter 


’ | ( 
the svringt forming a laver on top of the blood mixture. 
; the eapillarv with wate beneath it. Owing to 
CO. by tl shing, the bubble is much shorter. 
20) ed th 10 per cent NaOH, the cup pointed down 
i C pelled into the alkali, some of which is drawn into 
‘ the bubble is tree 
| Z I} nted shght down and rotated a Trew times so as to 
| {( 0) Che svringe 1s then returned to the verti 
rds and the gas bubble sueked back into 
£2 I eapi \ Ss again adjusted and the bubble 
| 

Re ( : e made to the description of the apparatus, 
eure uy Cl 1! Papers | and I] on © and (0) 
: OV n steps (3) to (6) Is necessary to secure 
y ood down the capillary wall: the caprylie alcohol 
ets as an antifoam agent, but also seems 

ng Wj residual t aces of blood from the capil 
sucked down verv slowly (Complete drainage 1s 

of blood volume delivery and for prevention ot 

vy on the alls of the ecapillan when the strong 

< introduced in step (@ 

od solution in the barrel is usuallv about 60 to 70 

oefiicient of COs therem is about 0.12 at 22 

su me of the extracting phase is about 700 c.mm., the proportion 


ted g t the end of the shaking is onlv 100 X 0.12 X 70,700 
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2 DETERMINATION OF DIHYDROXYACETONE IN BLOOD* 
WILLIAM J. TURNER, BERNARD H 


KRESS. AND 
NORMAN B. HARRISON 


on Facility, Northport 


ty 


March 31, 1943 


\\ CO] estigating the réle ot trioses as intermediates in carbo 
‘ One } hase of the problem was to determine whether 
! od a measurable quantity of dihydroxyacetone 
( ire revealed several methods of estimating dihy 
1 and these were first examined None proved satis 
() i luced reduction of an acid phosphomolybdiec acid 
1 ed the reduction by an end-point with KMnQO,. His 
torv by MeClellan (7) and by Spoehr and Strain 
S OWRVE ( pbell found that other substances in blood brought 
{ l eagent and he corrected this bv the use of a large 


Il’s me thod by removing some reducing com 


» the reducing values of an arbitrary hypothetical blood 
ng agent which gives a clearer end point 
VWethe 
/ made up according to the directions of Campbell, 
n of the solution before the phosphoric acid is added. 
( if prepared fresh daily from 0.1377 N solution (9 
B Filtrate The blood filtrate is prepared according to 
Folin and Wu (10 lo 5.0 ml. of filtrate in a 15 ml. centri- 
O ied O.5 ¢ ot powdered silvet sulfate with thorough mixing 
| then cent wed 10 minutes at 1500 R.P.M {ml of the supernatant 
be and treated with 0.08 ml. of saturated 
if \fter centrifuging for 10 minutes at 4500 R.p.M 
} ( ! e€ pipe tted into a 22 K 200 mm. test tube 3 ml 
! lic neid reagent are added to this After mixing by 
y placed in a boiling water bath for 15 minutes, then 
| . { Neuropsvehiatric Research Unit, Veterans Administra 
| , t ¢t N \ } Published with the permission of the Medieal 
1) \ \dministration whe 
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effect on the determination when present in normal quantity. A hypo- 


the tical byl 


od filtrate of known composition was prepared as shown in 


letermination of dihydroxyacetone was made on this filtrate, it 


quivalent to 1.31 mg. per cent of dihydroxyacetone. This we 


a constant value to be deducted from the total reducing sub 


ined as dihvdroxvacetone 
LABLI I 
hee ‘ / f D hydroxryacetone " B ood F itrates 
I Pe ent dihydroxyace ¢ 
rec er 
21.0 105 
is.) YO 
61.0 122 
97.5 115 
y 101.0 101 
raBLeE I] 
( i ( Hypothe LB l Fil é 
Y pe , 
SO) Creatinine l 
y Lactie acid LO 
Glucuronl i 0 
(slutathione 20 


ae , 
ng ¢ on is emploved for the calculation of dihydroxyace 
vd filt es 
blank) X 6.08 1.31 mg. % dihydroxy 
acetone 
6.08 letermined thus: 
200 ) 
4 6.0 
4.5 3 


s the dilution factor per unit volume of blood filtrate, 54.8 equals 


of ml. of 0.001102 ~ ceric sulfate equivalent to 1 mg. of dihy 


yne, and 5/3 1s the ratio ol initial to final volume of test solution. 


examined the blood of two healthy men, fifteen manic-de- 
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, COLORIMETRIC DETERMINATION OF ACETALDEHYDE IN 


BLOOD 


By ELMER STOTZ 


the McLean Hospital, Waverley, Massachus 


) er f B vical Chemistry, Ha d Medical School, Bost 
Re ved for publication, April 2, 1943 


At least thre general methods 


cetaldehvade In one of 


evr Clad DY Nesslet solution was utilized, the metallic mereury liberated 
heing combined with iodine, and the excess iodine titrated (1, 2 {nother 
» titrate the hydrochloric acid liberated from 


Ll } ple has heen t¢ 

hvdroxvlamine hydrochloride coincident with the formation of 

lhe bisulfite-binding power, either directly (4) or 
| xide treatment (5), has also been utilized 


! =] ( OX 


not ont lack specineity 


[ method to be described involves the distillation of a tungstic acid 


yr tissue in a simple all glass unit 


+e] 
Litat 


Barker and Summerson (6), is employed 


\n amount of acetaldehyde 


f +2 per cent 


‘ easured thana cv oO Z 
j \/ y 
0 pe ent sodium tungstate and ? N sulfuric acid 
2. Approximately 2 per cent sodium bisulfite (freshly prepared 
> per cent copper sulfate 
| sulfu sp. gr. 1.84 This reagent must be carefully 
ected from contamination. It is most conveniently dispensed from an 
o CSS ed burette with a greaseless stop-cock 
5. p-Hvdroxvbiphenvl reagent | gm. (Eastman) is dissolved in 25 ml 
2 ~ sodium hvdroxide. and before cooling 75 ml. of water are 


nt, stored In 1 brown hottle. keeps to! 


Paraldehyde Standard Paraldehyde and acetaldehyde, weight 


obtained pure, has a specific gravity of 0.995 at 25°, and has a relatively 
high boiling point, it is ideal for use as a standard which can be prepared 

ekly by volumetric mean 

Stock Solution-—Exaectlv 1.0 ml. of redistilled paraldehyde (Merck 


385 


ls have been used for the determination of 


the oldest the oxidation of acetaldehyde to 


but also sensitivity, requiring large 


nts of sample for determination of acetaldehyde in biological fluids. 


see Fig. 1) and collection 
ldehyde in bisulfite solution. The p-hydroxybiphenyl! color 
th the increased sensitivity afforded by the conditions suggested 
1 to determine the acetaldehyde. 


ranging from 0.2 to 2.0 y per ml. of distillate 


several months. 


ht ert found LO 1 ield equal color intensities Since paraldehyde can 
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STOTZ 
ged to dip bet ie rine ot 21 | of 2 per cent sodium bisulfite con 
tained in 25 6m vraduater evlindet o}ASs stoppered which is partly 
mersed 1 beaker of 1¢ce mixture lhe solution is distilled at moderate 
epeedd (Tot lstiliation time } oximately 2 minutes) to vi ld a total of 


Phe condenser Is litted trom the solution 


J l . or pee — 
( ad tt nad of the distillation and ipproximately the last O.5 ml. of 
list te ected t nse the condense The exact adjustment to 5.0 
( a) de during ! period or altel removal of the evlindet 
Che contents of the evlinder are thoroughly mixed 
1 1.0 sliquot of the distillate lelivered into a 200 X 25 mm 
aun ( eC Col nit 0.05 ml. ot 5 per cent coppel sulfate The tube 
ed ! 1 nd exactly &0 of sulfturie acid are added slowly 
} , heal 2 3 of p-hvdre <vbiphenv! reagent is de 
ot Te the lr | the precipitate evenly dispersed 
gentle r Ol he lowed to stand for | hour at room tempe! 
rhe t 50 I ecasional mixing, altel vhich the tube ts 
ng er | nutes, — | n cooling, the intensit 
( it tric colorimeter or spectrophotom 
50 
\ be eference cell is prepared simultaneously with 
I t ite) SUCCESSIYV ¢ analvses of a 
rf ft eld C} onstant color intensity, but 
nelud tube containing |. (2 y) of the 
, ' r ONE 
{ ! ! t i | liation process Is pel 
( ! list ti ent to one-fourth of the volume 
dehvd ence in the collection of 
2 role he distilled If less 
( ted lesirable to colleet less than 3 ml 
l ‘ ) ! I vit 14 distilled into | ml. of 
Z list te ollected \ 1:5 tungstic acid filtrate 1s 
, } , vod acetaldehyde values. In order to de 
ermine tl ! nts of acetaldehyde in normal blood, suc 
e distilled to the same receiver (con 
y | the cor ned distillates redistilled 
l! etaldehyva ittained 
it Oul 1 Ing vit development ne remain 
ng a f ( pDpro} i wittted the case of the ¢ oleman 
Spt ! hot ! e have ed, 2.5 y ol wetaldehvde ire the 
! em ed satisfactorily Chis limit must 
e det ( rie i from the characte 
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coveries were obtained after acetaldehyde was added to homogenates of 
brain and kidney, provided immediate tungstic acid deproteinization 
followed the addition 

Qt greater importance to the testing of the recovery procedure was the 


ise of difte rent amounts ol! blood containing acetaldehvde as the result of 


leoholism Blood from individuals who had consumed sufficient alcohol 
to reach a blood aleohol level of 100 to 180 mg per cent contained from 
0.7 to 14 mg. per cent of acetaldehyde \cetaldehvde determinations 


ere made on such blood, starting with different portions of blood but with 


the same total volume during deproteinization. In spite of wide variations 


the proportion ol blood to total volume during deproteinization, the 
TABLE | 
) ni (celaldehyde 

i Jn ) > ner cel NaHsSoO final vol 

Rec re R é 

12 1.07 96 

1.48 +. Pe, 

} 1s } ») oT 

1. 4S } } ON 

, | ] 1) 

6.0 9.5 YY 

” 6.0 52.5 93 

Wo f H.SO stilling flask 
terms of mg. per cent ol acetaldehyde in the blood agreed within 
Si ty of Ac lehyde in Blood Acetaldehyde is not complet lv stable 
hole biood Chere was no observed decrease in that added or natu 
present in the course of 20 minutes in an ice bath, but a 40 to 50 per 
lecrenase occurred during 14 hours standing In the ee box This 
hange is not due to volatilization but probablv to cellular metabolism, 
since ol 6} to 10 per cent decrease occurred in the separated plasma. 
slood for acetaldehyde determination should therefore be deproteinized 

soon alter collection 


Specificity of Method —The distillation procedure eliminates interference 
irietv of non-volatile substances. There appears to be no inter- 
rence by substances found in the usual concentration in tungstic acid 


blood filtrates, but further investigation was made of possible interference 
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rie opper-lime mixture in a boiling water bath \ddition 
I ic to the pp lime mixture indicated only a 50 to 60 per 
. ars i. ein of bound acetaldehyde in blood 
Ae : case found that even cryst illine horse hemoglobin 
mos ee ng See ee ipon treatment with hot copper 
No her investigation is made of this interesting observation, 
lol ha shad! le to do with acetaldehyde metab 
; comeigge liberation of acetaldehyde from certain 
thy $4011 } 4 ’ nay ( of anv inerease in 
| ng nm ¢ ldehvde in hlood during 
determination of free acetaldehyde in blood 
les ed It involves a simple distillation of a tungstic 
| ee come = he possible terference of various 
I { bo ec “he method = desc ribed is particu 
te lete) nation { etaldehvde concentrations of 
() 0 ‘ ( odified to measure lower con 
1} ( lehvde liberated from blood by copper 
meerned onl th components of th 
_ St ne hemoglobin 
Cn H 
. 26, 
70, ( 
71, 67 7 
- 146, 
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YETERMINATION OF SODIUM DEHYDROISOAN DROS- 
rERONE SULFATE IN WATER OR URINE* 


B. TALBOT, JOSEPHINE RYAN, ano JOHN Kk. WOLF] 
f Pediatrics, Harvard Medical School, and the Children’s Medical 


ommunieation (1), it was shown that hydrochloric acid 
rkedly injurious effect upon the unconjugated and 


r-insoluble urinary | 


ketost roid, cle hvdroisoandrosterone 


iper extends these obs r’ ations Lo show that such hydroly SIs 


undesirable effect upon a conjugated and water-soluble 17 

dehvdroisoandrosterone sulfate rhis substance has 
mm human urine by Munson, Gallagher, and Koch (2 
und, sodiun indrosterone sulfate, has also been isolated 
of a man with a testicular tumor! by Venning, Hoffman, and 
d that acid hydrolysis of this compound caused 
! the 1¢-Ketom group and dehydration of the 3-8-hydroxy] 
oid molecule lhe present paper describes an analytic 

dehvdroisoandrosterone added to water or urme as 
ne sulfate can be recovered unchanged. Data 


t] iliditv of the analvtic procedure are presented 


Ha, wl | j I] ja oly of Sodriim De hudroisoandro 


S farts 
f Pyridine Dehydroisoandrosterone Sulfate—The procedure 
similar to that used by Sobel and Spoerr L.5 in the prep 
tervi sultate lOO me. ot pvi dine ult ll! trioxide, prepared 
( land pvridine ere added to a solution of 100 meg 


dehvadroioandrosteron m.p. 148-149 in 5 ec. of benzene 


‘ 
heated at 72 tor Wb minutes ooled. ind poured into LOO 
ethes \fter it had chilled overnight, the white solid 


> 


pitated is collected, dried, ind disse lved in 3 ce of chloro 


oroform solution was cooled and filtered to remove any 
dine | ONT, MMe ce. of petroieul ether vere added 
sate The hea precipitate (pyridine dehydroiso 


] { } ty teé rmed is colle ted on filte and dried 
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17-Kketosteroid altel this type Ol 


AN, AND 


WOLF! 595 


hydrolysis was but 58 per cent of the 


theoretical vield The addition of hydrochloric acid to aqueous solutions 


ot sodium dehvdroisoandrosterone 


celerated phe hvdrolvsis but did I 


L¢-Kketosteroid MAN TUIN OU per 
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n- half saturated barium chloride solution at 100° for at least 4 hours results 
Ol in essentially complete hydrolysis of the sodium dehydroisoandrosterone 
he sulfate to a neutral, unconjugated 17-ketosteroid, which is recovered satis- 
id factorily according to the Zimmermann colorimetric assay. 

acl During the course of such experiments it was observed that the efficiency 


f the hydrolysis was dependent upon the pH of the barium chloride solu- 


PaBLeE II 


| / 7 Hydroxy Neutral 17-Ketost ls afler Barium Chloride 
H S Dehy and é Sul Idd » Wate 
1A 3 Ket r S 
: h 
7 
, aa 
7 \ (K ‘i } () 54 
\) { 2 0.77 
" , {) 0.97 
UM t ) 1.03 
. ( 7 1.00 
; y () ¢ S 9 0.90 
i - 
“ + { } LU. 4 a ) i4 
MT () % () Of > 7 9 9 0.76 
\ ) 2 2 » OO 9 5 | 0.80 
" ( OLS >. y USO 
y \ > | X (1). 93 2 6 a 0.93 
” 7 0 9o0 7 () 0 oO 
( ( ri 2:i 7 0.95 { 3.7 0.95 
" t) () 2 } (1) OS ) 8 0 98 
Tt 7.0 7 ( 0.88 ( 3.0 0.SS 
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Ketosteroid s not precipitated r>\ digitonu hus it appears that pH 
6.0 is optimum for quantitative hvdrolvsis of sodium dehvdroisoandros 
terone sulfate to dehvdroiroandrosterone ) ! | 1de solutions 
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other hand, washing such a solution four times with one-eighth its volume 
of distilled water resulted in a 6 per cent loss of sodium de hy droisoandros 
terone sulfate from the butanol to the water 

Recovery of 8-Hydroxy-17?-ketosteroid (Dehydroisoandrosterone) by Barium 
Chloride Hydrolys S of Butanol Extracts of rire Five 1 liter pools of tresh 
adult urine were obtained Each pool was divided into two « qual aliquots. 
To one of these aliquots a measured quantity ol sodium dehydroisoandros 
terone sulfate was added Mach aliquot was then treated according to 
the directions outlined under “Analytic procedure” (see abov Phi 


results aré piven in Table IIT, where the arrangement of the al vtic data 


corresponds to that of the preceding tables 
experiments 1] LO 15 ot Table II] show that neutrati 17 ketosteroids 


were recovered from the freshly voided urine of norma dult men and 


women \ variable proportion of these endogenous 17-ketosteroids was 
digitonin-precipitabl It would also appear that, within the limits of 
experimental error, almost all of the sodium dehydroisoandrosterone sulfate 
added to the urine prior to butanol extraction was recovered as a 8-hvdrox) 

17-ketosteroid after barium chloride hydrolvsis of the ext 


The available evidence from previous (1) and the present experiments 


indicates that hvdrocl ori acid hydrolysis severely adamuages bot] uncon 

igated water-insoluble dehydroisoandrosterone and water-soluble sodium 
dehvdroisoandrosterone sulfate when extraction with an orga olvent is 
carried out independent] On the other hand, simultaneous hydrolysis 
and extraction do not ter unconjugated iter-iInst le dehvdroiso 
androsterone (1), but do decompose the dehydroisoandrosterone of the 
conjugated water-soluble compound These findings lead to the conclusior 
that acid hydrolysis damages the conjugated dehvdroisoandrosterone be- 
fore hydrolysis to the unconjugated form has rendered it soluble in carbon 
tetrachloride I so, it is difficult to imagine ste] hich dest 

ion of the conjugated materia I 1 hvdrolvsis can be avoided 

In contrast to hydrochloric acid, barium chloride appears to be a reason 
ably satisfactorv hydrolytic agent for dehydroisoandrosterone sulfate 
It was chosen on the theorv that dehvdroisoandrosterone sulfate should be 
hydrolyzed if the sulfate ions were removed from solution by the formation 
of insoluble barium sultate \lthough complete evidence for the accuracy 


of the theory is lacking, the data attest the efficacy of barium chloride as 


i hvdrolvtiec agent for sodium dehvdroisoandrosterone sulfat 


Preliminary experiments revealed that application of the barium chloride 


hvdrolvsis nrocedure directly tT urine ceontamimng sodium dehvdroiso- 
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e | androsterone sulfate was unsatisfactory because the recovery of neutral 
3-8-hydroxy-17-ketosteroids was poor. Likewise, poor recoveries were 
obtained when this hydrolysis procedure was applied to a water solution of 

n dried crude butanol extracts of neutral urine. Urea appeared to be one of 

= the urinary constituents which interfered with barium chloride hydrolysis. 
It was then found that when crystalline urea was added to a pure water 
solution of sodium dehydroisoandrosterone sulfate prior to barium chloride 

hydrolysis, ammonia was formed during hydrolysis and the yield of uncon- 
jugated dehydroisoandrosterone was very low. On the other hand, these 
difficulties were eliminated when butanol extracts were washed as described 
n the procedure before barium chloride hydrolysis. Moreover, the res- 
idues and hvdrolvsates of the washed butanol extracts of urine were 
much cleaner than those of crude butanol extracts or of extracts obtained 


iter hvdros hlori fe id | vdrolvsis. 


SUMMARY 


he present paper reports e\ idence that hydrochloric acid hvdrolysis 

destrovs a major portion of ervstalline sodium dehydroisoandrosterone sul 

teu iter or urine solution. Simultaneous carbon tetrachloride ex 
action during hvdrolvsis does not prevent this destruction 


| ile nee ~ ilso pore sented to show that ervstalline sodium dehvdroiso 


| ndrosterone sulfate dissolved in water or urine can be recovered quantita 
e] : neutral 3-3-hyvdroxv-1l7-ketosteroid (dehvdroisoandrosterone 
| HnVarolv zing shed butanol extract of the water or urine with 
hlorich 
\ procedure for assaving the dehyvdroisoandrosterone sulfate content of 
( 1OCN( ped 
We are PrEeatly indebted to Dh erwin Schwenk of the Schering Corpora- 


on for generous supplies of dehyvdroisoandrosterone and to Dr. Seymour 
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It (1) recently have shown that, when native collagen 


Pheis and Stemhare 
: eated with Ca lm ¢ nagnesium chloride solutions, drastic shrinkage 
the collagen occurs at low temperatures. It was further shown that 
potassiul ( sodium chloride has exactly the reverse effect; 2.e., they 
f nerease thre emperature at which collagen is said to contract. 
The effect of neut sults upon the acid- or base-binding power of proteins 
Cel ther extensive studied but the available literature contains 
Ome ther conflicting dat ('sapo (2) in 1925 found that the presence ot 
nfluenced the combination of the proteins with acids or bases. (;ern- 
YTOSS an Loewe (3) tound increased fixation ol alkali by hide powder upon 
rt n ot neutral salt Reine 1) suggested that the salt effect was 
el ither tl ( ind that if allowance was made for the protein 
( On) t ions the alkali fixed would be found to be the same 
{ ence ¢ ence of salts ( ohn, Green, and Blanchard 5 indi 
( he ft tol is shifted, in the presence ol salts, on both sides 
aL Oe ru ! | that the total amount of acid o1 base fixed was 
| ects \tku nd Campos (6) made use of the presence of potassium 
hloride in estimating the acid- and base-binding capacity of collagen, 
| . ng that the neutral salt is necessary for equalizing the internal pH 
the protel ith that of the external solution Steinhardt and 
i ina ! sand Jacoby ‘ nvestigated the effect of solutions of 
tus hlorids ious ionic strengths upon the acid- and base-bind- 
ng Ere vroteins and found that the neutral salt affected the 
slone hye f tion ¢ ‘ n each side ot the isolonic point but did not 
ect either the d- or base-binding power or the position of the 
~( Ol the given protel Cannan in 1938 (9) showed that the 
( ives shift in the presence of salt and also appear to pivot around 
Ol po Later, Cannan, WKibrick, and Palmer (10) found by sub 
t 0 Lich hl lf ( the MOtAasstum salt that the only observable 
The lisplacement of the titration curve toward a lowe pH, to an 
tel ncerensing tI onic strengtl Ihe found the displacements 
used by ( ind Ag ions to be lentical but greater than those due to 
“I Bs t 
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Beek and Sookne 1] have shown that the treatment ol collagen with 


calcium hydroxide suspensions causes the isoelectric point to shift to a more 
acid one. In this investigation use was made of electrophoretic measure- 
ments and thus a true isoeles ! is obtained Theis and Jacoby 
12) studied the effect of calctum hydroxide suspensions upon collagen and 
found the ionic point ol the ee I] ren to sh It to a more Clad Zone Che 
shift was mor nounced with long conta , lroxide 
lt i ( ning the ] Wr DOSE Wine protems 
} on, ! ! na ru ! . ‘S L Unie 
tre resence OT 8 j ry Siu] nig 1¢ he é ‘ ning 
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collagen (14) having an isolonic point at pH 6.5, a plateau in the pH rang 


(.0 to 9.0, an apparent maximul id fixation t O.S5 ent pe 
gm. of collagen, and a maximum base tion of 0.38 milli« eC] 

Cu B of Fig. 1 shows the acid- or base-binding ( of the « in 
chloride-treated collaget This particula indicate lefinite ise 
ionic point ol 5.0, a shift of | pH unit to the more lid Sicle i lessened acid 


fixation in the pH range 4.5 to 5.5; an increased base fixatior n the pH 


range b.09 TO 4.0 nd approximately the ime! i | “ae tor 
-s Tor the intr ted collagen 


monic streng 
proximate! pH] Sand reaches maNXil i! rh trae tt inge «oto here 


ims some fixation evel it pH 7 (Curve ( na t¢ much greate 
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HT 3, rise ! l rang s “¢ 
t pH values greater than S he C's 
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bound with the collagen. Such fixation with potassium chloride has no 
effect upon the isoionic point of the protein but definitely alters the slope of 
the titration curve Calcium chloride fixation upon the other hand defi- 
nitely changes the isoionic point of the collagen-salt compound as can 
readily be seen from Fig. 1. Theis and Steinhardt (1) have repeatedly found 
that potassium chloride, 1.0 x ionic strength, does not alter in the least the 
shrinkage temperature of the collagen, while calcium chloride of the same 
ionic strength drastically reduces the shrinkage temperature of the collagen. 
Since this shrinkage temperature is said to be in a way a measure of the 
structural cohesion forces, it would appear that calcium chloride fixation 
decreases these forces and causes the collagen chains to “collapse’”’ or “melt’”’ 
upon themselves. Thus it might be said that calcium chloride causes a 
denaturation of the collagen, while potassium chloride does not, and thus 
we might expect a shift in the isoionic point for the calcium chloride-col- 
iMmgen compound 

Curve B of Fig. | shows the effect of the added CaCl, and definitely indi 
cates a displacement ot the titration curve toward a lowe pH in the range 
15to7.5. Cannan, Kibrick, and Palmer (10) claim a parallel displacement 
of the whole dissociation curve when CaCl, is substituted for KCl. They 
explain this displacement as being consistent with preferential combination 
of the protein with one of the tons of the salt hese investigators postulate 

preferential combination with Cl when KCI is used and a preferential 
combination with the cation when such salts as CaCl or MgClh are used 
(jreenberg and Schmidt (20) have shown that when casein is dissolved in 


? 


solutions of the alkali earth metals the transport number of the casein ion 1s 


ibove normal Thev conclude that such data indicate the presence ol 
omplex metal-containing Casein lons, since some Ol the metallic element is 
carried in a direction contrary to its normal path. These investigators 
found that when Ca(OH was added to easein, some 66 per cent of the 

allic element had become anionic in characte Northrop and Kunitz 
ID) point out that no caleium is bound on the acid side of pH 3 and that 
this value rises rapidly from pH 3 to 4.7 and then remains constant. The 


resent writers found that no calcium is bound at pH values lower than 3 


nd that this value rapidly increased from 3 to 6, remained essentially 


constant to pH 9, and then declined somewhat at greater pH values 


Northrop and Kunitz believe that the Ca ions do not combine with the 


NH. groups but with the carboxyl groups, whereas Cu’ * ions bind with the 


imino groups of the protein In the ease of gelatin, the carboxy] equivalent 


is about 0.9 mem per gm. but for collagen the carboxyl equivalent is approx 


unately 0.35 mM per gn 13) and. therefore. the reasoning ot Northrop and 


Kunitz mav not hold for collagen 


Anslo ind Kine (19) coneluded that the alkali and alkali earth metals 
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could form coordinate links with one or both oxygen atoms of the carboxyl 


group. They were lead to this conclusion from their study of the compley 
crystalline salts formed from amino acids with salts of the alkali and al 


kali earth metals 


() ) H.O H.O ] 


OH 8) H.O H.O 


The writers have mound that hoth I ¢ and CaC] ire bound \ ith Line 


protein well into the alkaline zone and further that KCl fixation has but 
little effect upon the isoionic point of the protein, while Cat fixation dis 
places this point toward a lower pH The writers have also shown that 
CaCl -treated collagen has contracted and is shrunket taking on the 
physical characteristics of heat-denatured collagen (14 n the particula 
case of heat-denatured collagen, it was found that the isolo1 point had 
shifted to a higher pH value, while the CaCl.-treated collagen showed the 
reverse efiect There exists some difficulty in explaining this frerel 
between the two tvpes of denaturation Cohn, Gireel nd Blanchard (5 
have stated that the basic strength of an amino group is d nished | 
carboxyl groups and that this is true whethe the latte r i on ted or 
not These investigators maintain that the rb lissociation is 
creased by juxtaposition of other amino and carb ( 
result the closer the other amino and carboxy! g thy 
protein molecul The reasoning of Cohn, Gre na plane! bomignt 
account for the more acid isolonie point of the Cat treated ee gen, Sin 
> ich treatment ¢ ses drastu s} MAUL Col ‘ 
hand, the explanation of Cannan, Kibrick, and P 
SUMMARY 
tis shown that Kh nd CaCl, bind h collag [| rt 
I iii ol ning in thre OOLO* ( ( 
cdennite greater than that for Ix¢ ( ! iL ! 
further shown that CaC] causes det ratio ve} ( | 
contractiol t mensure of dena hol | ( ( 
tre ited collage Is SI ted to lowe ( etl Hy 
sentially the same as that for native collager 
Bil LOGRAPHY 











rHEIS AND T. F. JACOBY 609 


l | oewe, H _Colleg ue, No 625, 229 1922 
»*) 


Reiner, 8., Kollo 1-Z., 40, 327 (1926 
{ nl | J (reel \ \ ind Blanchard, M H e An Chem Soc., 59, 509 


1937 
nd J M.. J. Internal Soc. Leathe Trades’ Chem., 8, 
| ) nd Harris, M J. Research Nal Bur. Standards, 24, 335 (1940). 

R ind Jacoby, T. F., T. Am. Leathe Chem. Assn., 35, 957 (1940); 


36, 45 1941 
ol titative biology, Cold 


R. W (‘old Spring Harbor symposia quan 


Spring H 6, 1938 
t r \ d Palmer, A. H., Ann New York Acad Sc., 16, 


’ Chem. Assn $4, 641 1939). 
, {m. Leather Chem. Assn 37, 611 (1942 
1 Biol. Chem., 146, 1638 1942 
1 Biol. Chem., 148, 105 (1943 
\.. J. Gen. Phys ol.. 11, 481 (1925 


Hardy, W. B., J. fF! 24, 14 (1905 

Beihefte, 18, 223 1923 

S, Leut dt, F., H bim. acta, 16, 540 (1952 

W. kh King, H., B Tl 91. 1168 (1927); 22, 1255 1928 


CL. A.. J. Gen. Physvot 8, 271 (1926 























THE METABOLISM OF GLYCINE 
I. STUDIES WITH THE STABLE ISOTOPE OF CARBON 


By NORMAN 8. OLSEN, ALLAN HEMINGWAY, ano A. O. NIER 


| ] the D o Physio mica Chen / Depa ment of Pi {8 ology and the 
Department of Physics. University of Minnesota, Minneapolis 
hte ( or \pri ) i 


(ilveine is the simplest of all the naturally oceurring amino acids ob 
tained on the hvdrolvsis of proteins, and vet verv little is known concerning 
its metabolism When glvcine is fed to animals, it is readily utilized, but 
its intermediary metabolism is still quite controversial Experiments with 
tissue slices, perfused isolated organs, and intact animals (under both 
phvsiological and pathological conditions) have given varied results. 

When the ordinarv preparation of glycine is used, conclusions are drawn 
from a study of changes in body constituents, and possibly from appear 
ince or exeretion. olf conjugated products When the stable isotope ot 
arbon of mass 13 is used as a tagged atom in the glvcine molecule, one can 
eadily ascertain into which compounds the glycine has been transformed 
ind in which tissues it has been concentrated. The purpose of this in 
stigation was to study some of the possible paths ot metabolism of the 
imino acid in question, by labeling the carboxvl carbon of the molecule 


ith this stable imoTtorne 


EXPERIMENTAI 


Nynithe i (; Jcine ( ontar n¢ arc S of Sable [ sotope of Carbon Ali the 
Carboxyl Position The available source oft the stable isotope of carbon 
the inert hydrocarbon, methane The methane was burned to carbon 


dioxide and this product was used to carbonate a Grignard reagent, 


CH,Mgl. On hvdrolvsis with acid, an aqueous solution of acetic acid 
containing the tagged atom mm the carboxy] group Was obtained. The 


inhvdrous sodium salt was then formed, and treated with phosphorus 


oxvehloride and then brominated. In order to obtain the free bromoacetic 
icid, the bromoacetvl chloride was hvdrolvzed with wate The tree acid 
vas treated with a large excess ot aqueous ammonia, and the glycine Was 


recipitated by the addition of methanol and reervstallized from methanol 
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water mixtures. The glycine thus synthesized and used in these experi- 
ments had an abundance of 4.34 per cent carbon of mass 13 \ summary 
of the reactions and yi lds with 2 gm samples of methane is given in Table 


[. The purity of the synthesized glycine was determined b o carbon 


i 


hydrogen, and nitrogen (Kjeldahl) determinations; the preparation had a 
corrected melting point decomposition) of 23] 

| j ( | t< ( 4 8 H 6.72.N s if 

| i 2 13 6.70. ** 18.66 ~ | 

Biological I periments One ot the Important probe hie ipvesl¢ 
this study was the conversion of glycine to liver glvcog hus has beer 

controversial issue since Lusk (1) found a quart tive ! n , 

+ j 

| s 131s 
( i] ( () 1 () . 
C'H,] Vig ('H.Mel 


CH.C OOH (>t (H.C *OO% - 
CH.C*OON Por H.C OK . 

CH.C Or. (‘H.Br€ FO . 

CH.BrC *Orl H.O + CH,BrC*OoH 

CH.BrC toon NH >» CH.NELC*OOH 

gested giveine Into t FIUCOSe I MIOrniZi i ih ly | 
his coworkers (2) have tound that the pea 0 0 ! ) 
glycine occurs 14 hours after ingestion. Using adult } mice and 
the procedure a CrIped DELON eround & peak in ( uy rt ? 
16 hours after feeding normal glycine by stomach tube L| ting level 
of liver givcogen, expresst is GIUCcOoOsSt is me. Q | hye 
level at th peak averaged lOto 14 mg tM iT Ol 


Adult male albino mice, Strain A, were fasted tor 24 er 


then put into a closed svstem and respiratory carbon dioxid ollected 
Ol 2 nours \f the end oft this period they ere em | nei ted ry\ 
stomach tube either vater in aqueous solution ty . . . 7 
1.4 , . 
aqueous solution Of isotopic giveine, and were final r¢ ! r ty 
olism cage The animals given water or an aque tion of norma 
~ ft 
} i] 
( ( 
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glycine served as controls for the animals given isotopic glycine. The 
respiratory carbon dioxide was collected in varying fractions throughout 
the next 16 hours. At the end of 16 hours, the animal was removed from 
the chamber and anesthetized with nembutal. The liver was then rapidly 
extirpated, excess blood was blotted off, and the liver was weighed and 
placed in hot 30 per cent potassium hydroxide. Glycogen was determined 
by the method of Good, Kramer, and Somogyi (3). The gastrointestinal 

act was stripped out, washed, and analyzed. The animal was then cut 

ngthwise along the spinal column, and half of the carcass was placed in 
a weighed tube containing hot 30 per cent potassium hydroxide. The 
tissue glycogen was determined on this half, and the alcoholic supernatant 
fluid remaining after precipitation of glycogen was acidified, extracted with 
petroleum ether, and labeled as the lipid fraction. Some bone remains 


ifter alkaline digestion; this was washed and saved. ‘The other half of the 


Cass Was subjes ted to thorough dissection, the bone being carefully sepa- 
ted out. In Table III the former fraction is labeled “residual bone”’ and 
the latter “dissected bone.’’ ‘The minced residue after dissection was heated 
to the boiling point with a 10 per cent solution of sodium tungstate and an 


qual volume of 0.66 N sulfuric acid was added. The mixture was boiled for 


a period of 5 minutes and the precipitate was centrifuged off on cooling. 
rhis extraction procedure was repeated three times, a total of 300 ml. of 
sodium tungstate solution being used. The precipitate was dried by heat- 
ing overnight in an oven at 90° and then extracted with petroleum ether 
in a Soxhlet apparatus for 6 hours to remove any lipids. The remaining 
precipitate was called the protein fraction and the tungstic acid filtrates 
omprised the water-soluble constituents. It is recognized that this 
separation is not absolute 

It was decided that since the mouse was such a small experimental 


inimal only 


gross fractions would be taken. By this technique, if any 
interesting results were found in the large groups, they could be further 
fractionated to discover the individual compound or group of compounds 
esponsible for the activity. 

\ll the fractions were oxidized to carbon dioxide, with the chromic acid 
reagent of Van Slyke and Folch (4). The carbon dioxide thus obtained 
and also that extracted from the respiratory samples were analyzed in the 
mass spectrometer and the abundance of the stable carbon isotope was 


determined 


DISCUSSION 


Respiratory Carbon Dioxide——These data are found in Table II and repre- 
sent only one of four experiments with isotopic glycine. The total carbon 


excretions were similar to those obtained with normal glycine. The animal 
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as placed in the metabolism chamber 2 hours prior to feeding, in order to 


accustom it to the ne environment [It is noted that the excretion of 
carbon dioxide fluctuate during this period Chis ma v due to the 
nervousness or curiosity of the animal in its new surroundings Afte 


the feeding ot giveine tn 


Line excretion of carbon dioxide Increast tL 1mm liately 
ind continued for 2 bours and then fell to a subbasal leve Chis increase 


immediatels followimne reeaing occurred: in ¢ eC! CHASE 


" a ee ee 
) } ys 
a Lo 
> 2 7 QR? ~ 
t 1) ; 1) } t s ~ } (hh) 
») , >) ss ( t) 
‘ ) > » 
} () ; tf : ‘ ss s 
1) Ay > } ” / 
{ . 25 tf s 4 (nH) 
ri 1) 4). 4 > of) ) t } > tot) 
2] 2 (HM) ;.S ri 6.7 ”) 6S ~ 3S 
lo t is 4 + oft ) a4 
20 meg Z * ‘ 


that the animal was almost anesthetized by the intake of a relatively large 
volume of water (1 ml Chat the rise was not due to the intake of water 
alone was shown by a series of experiments in Which the same amount of 
distilled water Was fed In these « xperiments, i sharp decrease inh carbon 
dioxide excretion was found The increase in carbon dioxide excretion in 
the previous experiments Was due, apparently, to some action of the in 
gested glycine The abundance measurements showed that the ingested 


tagged atoms were almost immediately excreted in the form of carbon diox 


ide, and the recovery ol the glycine carbon Was constant tor S hours at a 
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level of 2 mg. per half hour period. The total recovery of the ingested C* 
was approximately 50 per cent. In other words, during the 16 hour period 
of metabolism half of the ingested glycine was oxidized to carbon dioxide. 
It is interesting to calculate that the marked rise in carbon dioxide excre- 
tion immediately following the ingestion of glycine was much greater than 
could be accounted for by the oxidation of glycine as determined by the 
abundance measurements This may he ey idence of the SO called “specific 


dvnamic action” effect of glycine. 


TaBLe III 
Body Fractions Other Than Liver Gl jcogen 
Phe values given are averages of groups each containing four mice. The range is 
figures in parentheses rhe abundance measurements are averages 


ch requiring five to seven readings 


| pic glyc 
Recov 
Weight per anima ery 
of C* 
em percent percent 
Liss y | >». 9-12.5 1.08 5.2 $0 HS 1.08 0 
Residual | 06 (0.5- 0.8 1 .Oo7 |0.7 0.5 0.9 1.07 0 
Nisa | 1.2 (0.9- 1.6 1.07 1.6 1.0 2.4 1.07 0 
Lipids 0.9 (0.6- 1.2 1.07 | 1.1 0.9 1.2 1.07 | O 
P . 5.5 , 4. 7.5 1.O7 |\7.2 6.2 &.0 1.07 0 
~~ " 
‘ “4 10S 1.09 t 
— teu tract 0.098fT (O.088-0.110) 1.11 | 3.2 
rine ima I rv t id 
des 0.057 (0.022-0.128) 1.37 | 6.8 
Ny y v s glucost 
Ir ne se UU UD el oft ial le 1 ¢ vas recovered 


Various Body Fractions—These data are given in Table III. It is noted 
that the majority of the fractions isolated contained no more than the 
normal abundance of the tagged atom. In certain substances, such as 
protein and lipids, this tends to be misleading. Since the amount of carbon 
in these fractions is verv large as compared with the amount of tagged atom 
fed, there is a chance that a small concentration of the carbon isotope would 
be missed. This might plausibly explain the fact that no activity was noted 
in the protein traction as one might be led to believe by some of Schoen- 
heimer’s work (5)— that some of the ingested glycine would be incorporated 
in this fraction. In one experiment, an excess of the tracer was found in the 
water-soluble fraction. There is also noted a recovery in the gastroin- 
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testinal tract, and in the urinary fractions. The excess of the carbon iso- 
tope over normal In these rractions may be due to unchanged, unabsorbed 
glycine, or possibly to one or more of the metabolic products. It was im- 
possible to fractionate these portions, as the amounts were quite small. 
Approximately 4 per cent of the tagged atoms was recovered in the urine 
fraction, 3 per cent in the gastrointestinal tract, and 20 per cent in the 
water-soluble fraction 

Live Glycoger These data are given ihn l‘able 1\ Che glycogen ISO- 
lated from the animals fed isotopic glycine (4.34 per cent C*) contained 
significant amounts of the tagged atom, ratios of 1.23 to 1.38 in comparison 
] 


to the normal value ot L.OS. Therefore, it ean be def nite i\ concluded 


that some of the isotopic carbon from the fed glycine actually went into 


rasBie [\ 


/ G er 
In Expe sA gh D1 glycine was fed 3] gh I 
y +4 ‘ ts | v gen 3s v v se 
\ 
yy \ : 
} . 
\ 24.0 1.6 5 8 10S 
I 23.2 ) 6.8 1.08 
( > | ] 15.1 1.08 
1) Z ) 14) 4 1.08 
I 2H ) 2 0 ) & | O33 ) i) ~ 1) 
H 22.0 ] . yal) ") { 1) 1.25 
J 99 0 9 7.0 is 0.69 (). 28 0 86 
] 25.1 6 i.a it Yi 0).¢ 1.97 
t Isote g ne t ‘ , Ni) ( 
, , : 
the newly formed glycogen. Calculations can be made which show that 


ited into the new molecule; 


only a small proportion of the tracer is incorpor: 
| carboxyl carbon from glycine could occur in approximately every 4th 
molecule of glucose Kor example, In one experiment al! nal isotopic ratio 
of 1.29 was obtained If we attribute all of the excess of C* in the glucose 


; 


to 1 carbon atom, the abundance of that carbon wo ild be 
1.08 y 1.29 
011° “10+ 101.3 
However, we know that the carboxvl carbon of the glycine fed was 7.84. 


1.08 . 7.84 . 1.29 


x) 


} = 1+ y 
101.1 107.8 101.3 
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Therefore, 1 carboxyl carbon from glycine occurs for every 29.3 normal 
carbon atoms, or every 4 to 5 molecules of glucose. We postulate that, 
besides entering into the liver glycogen to a small degree, the ingested 
glycine in some way promotes the formation of glycogen from other body 
constituents. This view is not new, as Dakin (6) believed that a direct 
conversion by the fully diabetic animal of the carbon of glycine to glucose 
does not take place ‘“‘but rather that it causes a disturbance in the normal 
equilibrium existing between the amino-acids or peptides in the body tissues 
with the result that other amino-acids, capable of furnishing glucose [e.g., 
alanine] are set free.” The present experiments with heavy carbon give 
direct proof to this theory and emphasize the point that all conversion ex- 
periments based on analytical data should be interpreted as indicating the 
abilitv of the fed compound to promote the formation of, rather than the 
direct conversion to, the new substance. Reid’s results (7) on the effect 
of glycine on protein catabolism as measured by nitrogen and sulfur excre- 
tion in dogs would lend weight to this idea. The fact that Gurin and 
Wilson (8) report that alanine containing C* was not quantitatively trans- 
formed to urinary glucose in phlorhizinized rats is also evidence in favor of 


this postulation. 


We wish to express our appreciation to Dr. Richard H. Barnes and Dr. 
George O. Burr for their advice and helpful criticism. 


SUMMARY 


1. Glycine containing the stable isotope of carbon in the carboxyl car- 
bon has been synthesized from methane, in an over-all yield of 32 per cent. 

2. The peak of liver glycogen storage in adult albino male mice occurred 
16 hours after the ingestion of glycine. 

3. Ina period of 16 hours after feeding tagged glycine to a mouse, about 
50 per cent of the tagged atoms was found in the respired carbon dioxide. 
\n increased output of respired carbon dioxide was noted in the early pe- 
riods after feeding. ‘The increase could not be completely accounted for 
by the combustion of the added glycine as measured by the isotopic excess. 

1. The liver glycogen isolated from mice fed tagged glycine was found to 
contain an excess of the isotope. This recovery amounted to about 1 
per cent of the fed isotope. The rise in the liver glycogen was more than 
could be accounted for by the conversion of glycine to glycogen, as meas- 


ured by the isotope excess. 
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In a previous study of the acetylation of phenylaminobutyric acid (1), 
it was found that, when the / isomer was fed to rats whose body water con- 
tained D.O, the acetyl-l-phenylaminobutyric acid isolated from the urine 
contained deuterium in the acetyl group. ‘To ascertain the specificity of 
this reaction, as well as its significance to the mechanism of acetylation, 
other acetylations in the animal body have now been investigated in a man- 
ner designed to reveal whether they, too, show the uptake of deuterium 
in the acetyl group. This study has included the acetylation of sulfanil- 
amide and p-aminobenzoic acid. Moreover, an extension of the earlier 
work to d-phenylaminobutyric acid has been made in order to determine 
whether the behavior of d-phenylaminobutyric acid is identical with that 
of /-phenylaminobutyric acid in so far as the uptake of deuterium in the 
acetyl group is concerned. An experiment in which d-phenylaminobutyric 
acid was fed to a rat under the same conditions as the | isomer showed that 
the deuterium content of the acetyl-1 compound, which was isolated from 
the urine, was the same as that of the acetyl-l-phenylaminobutyrie acid 
obtained after the feeding of the /-phenvlaminobutyric acid. 

Sulfanilamide and p-aminobenzoic acid were fed to rats whose body 
water Was maintained at approximately a 2.5 per cent D,O level, and the 
corresponding acetyl compounds were isolated from the urine and were 
hydrolyzed. Deuterium analyses were performed on the isolated acetyl 
compounds and, after hydrolysis, values for deuterium content of the re- 
sulting sulfanilamide, p-aminobenzoic acid, and acetic acid (as silver 
acetate) were also obtained. In addition, in the case of the animal re- 
ceiving sulfanilamide, the presence of deuterium was sought in the non- 
acetylated sulfanilamide found in the urine. Deuterium was found to be 
present onlv in the acety| group ol both excreted acety! compounds, in 
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iided in the present investigation 
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approximately the same amount as found in the acety! group ol acety1-l- 
phenylaminobutyriec acid isolated after d- or /-phenylaminobutvrie acid 
was fed 

The stability of the hvdrogen atoms of the acetv] compounds a Oo Was 
studied in order to determine whether the acetv] compounds per se o1 the 
precursor of the acetyl group takes up the deuterium. Accordingly, rats 
were fed the acetyl derivatives ol sulfanilamide and Pp aminohe NnZO1e acid 
under the same conditions which had been used in the administration of 
the free acids The acetvlsulfanilamide and acety! p aminobenzoic a id 
excreted in the urine contained no deuterium 

Deuterium exchange studies in vitro were designed to determine the 
extent of the exchange, if anv, which occurs during the acid hydrolvsis of 
the acetvl derivative The acetyl derivatives ot sulfanilamide and 
p-aminobenzoice acid were hydroly zed in the presence of deuterium oxide 
and the resulting aceti acid, sulfanilamide, and p aminobenzoie acid were 
analvzed for deuterium The exchangeabilitv of the hvdrogen of 
dl-phenylaminobutyrie acid in acid solution was likewise investigated 
None of the compounds showed any exchange of hydrogen in the acetyl 
group during hydrolysis and only p-aminobenzoic acid exchanged approxi 


matelv 1 atom in the benzene ring 


XPERIMENTAI 


The bodv water of the rats was maintained at 2 to 3 per cent D.O in a 
manner previously deseribed (1 lhe substances fed were administered 
by stomach tube twice daily, admixed with a modified liquid diet The 


diet consisted of the following: skim milk powder 55.0 per cent, Mazola 


oil 25.8 per cent, cod liver oil 5.5 per cent, Osborne and Mendel salt mixture 


2) 0.5 per cent, veast 2.2 per cent, dextrin 11.0 per cent \pproximately 
6 gm. of this diet were mixed with the amount of substance to be fed pet 
dav and the mixture was diluted with sufficient 4 per cent D.oO (15 to LS ce 


to permit easy passage ol the diet through the stomach tube he cages 


} 


were mounted over large screened funnels ‘Toluene Vas used as @& pre 
servative for the collected urine in the feeding experiments of long dura 
tion In all xperiments a small quantity of urine was reserved Tol analysis 
in order to determine the deuterium content of the bodv water Phe acetyl 
derivatives were isolated from the urine 

It was desirable to determine by direct means both the amount and 
position ol the deuterium in the acetv] group Ol the compound his was 
accomplished bv hvdrolyzing the acetyl] compounds and determining the 
umount of deuterium in the acetic acid (as silver acetate) in addition to 
p aminobenzoic acid and sulfanilamide isolated from the hvdrolvtie 


mixture 
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Feeding Experiments with p-Aminobenzoic Acid—300 mg. of p-amino- 
benzoic acid were administered daily for 21 days to a 250 gm. rat whose 
body water was maintained at approximately a 2.4 per cent D,O level. 
The acetyl-p-aminobenzoic acid was isolated from the urine by continuous 
ether extraction in the manner described by Harrow, Mazur, and Sherwin 
3 \ total of 310 mg. of acetyl-p-aminobenzoic acid melting at 256° was 
obtained. ‘This compound, as shown in Table I, contained 0.51 atom per 
cent deuterium, which is equivalent to 1.9 atoms. In another experiment 
in Which 1.5 gm. of p-aminobenzoic acid were fed to a rat whose body water 
was maintained at approximately 1.7 atom per cent deutertum, 80 mg. of 


TABLE I 


Deuterium Content of Excreted Compounds 


Body 
r - Substance isolated Deuterium content 
_ atom per cent aloms 
Aminobenzoie acid 1.73 Acet yl-p-aminobenzoi 0.51+ 0.06 2.7+0.3 
acid 
2. 40 si wie 0.51+0.10'1.9+0.4 
p-Aminobenzoice acid 0.0 0.0 
Acetic acid (Ag salt 1.652 0.15/2.140.2 
\cetyl-p-aminobenzoi1 2.18 Acetyl-p-aminobenzoic 0.04+ 0.05'!0.2+ 0.2 
id acid 
Sulfanilamide 3.38  Acetylsulfanilamide 0.79+ 0.07 (2.834 0.2 
Unchanged sulfanilamide |0.0 +0.04'0.0+0.1 
2.77 | Acetylsulfanilamide 0.54+ 0.12|2.04+ 0.4 
Sulfanilamide 0.07+ 0.06 0.3+ 0.2 
Acetic acid (Ag salt 1.92+ 0.21 }2.1+0.2 
Unchanged sulfanilamide 0.03+ 0.10/}0.1+ 0.3 
\cetvilsulfanilamide 2.35 Acetylsulfanilamide 0.06+ 0.08 '}0.3+ 0.4 
l-Phenylaminobutyri 2.23 Acetyl-l-phenylamino 0.50+ 0.03 /3.4+ 0.2 


acid butyric acid 

acetyl-p-aminobenzoic acid were isolated from the urine and were found to 
contain 0.51 atom per cent deuterium, which is equivalent to 2.7 atoms, 
as shown in Table L. 

190 mg. of the 310 mg. sample of acetyl-p-aminobenzoic acid were sus- 
pended in approximately 1.5 N HCl and the mixture refluxed for 1.5 hours. 
The hydrolvsate was poured slowly with vigorous stirring into 400 cc. of 
hot 1 per cent silver sulfate solution and the resulting precipitate of silver 
chloride was removed by filtration. The filtrate was made alkaline to 
litmus with saturated barium hydroxide solution and was evaporated to : 
volume of 50 cc. This concentrate, containing the p-aminobenzoic acid 
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and acetic acid freed by hydrolysis, was acidified to Congo red with 10 
per cent H»SO, solution; the BaSO, was removed by filtration, and the 
filtrate was distilled in vacuo. The distillate, containing acetic acid, was 
titrated to the neutralization point with 9 cc. of 0.104 N NaOH solution 
and was preserved. 

The residue of p-aminobenzoic acid was transferred with H,O to a con- 
tinuous extractor and the solution was extracted with ether for 8 hours. 
The ethen extract Was ¢ vaporated to dryness, and the residue Wiis dissolved 
in absolute aleohol and was treated with charcoal. The alcohol solution 
was evaporated to dryness. ‘The p-aminobenzoic acid obtained weighed 
104 mg. and melted at 1S8—189 

The neutralized distillate was concentrated in vacuo and the residue was 
dissolved in afew cc. of HO. After careful acidification to Congo red with 
LO per cent HSO, the liberated acetie acid was distilled in vacuo. The 
distillate was transferred to a mortar and thoroughly ground with Ag,O. 
The excess AgeO was removed by filtration and the solution of silver acetate 
was rapidly concentrated to a small volume in vacuo. On the addition 
of 50 ec. of absolute alcohol to the concentrate, crystalline white silver 
acetate separated. This product, after it had been filtered and dried, 
weighed 81 mg. Deuterium analyses on the acetyl-p-aminobenzoic acid, 
silver acetate, and p-aminobenzoic acid, as well as the urine (body water), 
are shown in Table I. 

Feeding Experiments with Sulfanilamide—In a preliminary experiment 
a total of 2.3 gm. of sulfanilamide suspended in oil was injected into two 
rats at the rate of 300 mg. per day and 65 mg. of acetylsulfanilamide, 
melting at 218°, and 106 mg. of free unchanged sulfanilamide, melting at 
167-168°, were isolated from the combined urine samples. The average 
deuterium content of the body water of the two rats and the deuterium 
content of the isolated compounds are shown in Table I. In a second 
experiment 300 mg. of sulfanilamide were administered daily for 21 days 
by a stomach tube to a rat whose body fluids were maintained at approxi- 
mately a 2.8 per cent D.O level. The urine was concentrated in vacuo. 
A mixture of unchanged sulfanilamide and acetylsulfanilamide crystallized 
from the cooled solution. The amount of unchanged sulfanilamide was 


greatly in excess of the acetylsulfanilamide. It was necessary to carry out 


many fractional crystallizations from aqueous solution in order to separate 


the two substances. The acetyl compound crystallized in characteristic 
long needles, the sulfanilamide in cubes and plates. 207 mg. of acetyl- 


sulfanilamide which melted at 218° were isolated. 


167 mg. of this acetvlsulfanilamide were hvdrolvzed with HCl and the 


mineral acid was removed from the mixture in the manner described for 


the hydrolysis of acetyl-p-aminobenzoic acid. The distillate contained an 
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amount of the acetic acid equivalent to 6.5 ec. of 0.104 N NaOH. 57 mg. 
of silver acetate were isolated from the distillate in the manner previously 
described. ‘To the residue of the sulfanilamide liberated by the hydrolysis 
5 ec. of HeO were added. The H.SO, was removed as BaSO,. After the 
sulfate-free solution had been evaporated to dryness, the residue was 
dissolved in absolute alcohol. The solution was filtered and was evapo- 
rated to dryness; 78 mg. of sulfanilamide melting at 164—166° were ob- 
tained. Deuterium analyses on acetylsulfanilamide, sulfanilamide, silver 
acetate, and the body water of the rat are shown in Table I. 

Feeding Experiment with d-Phenylaminobutyric Acid—250 mg. of d-phen- 
vlaminobutyric acid were administered by stomach tube daily for 7 days 
to a rat whose body water was maintained at about a 2.2 per cent D,O 
level. The urine was acidified with H2SO, and was extracted continuously 
for 8 hours with ether. The ether extract on evaporation to dryness 


TABLE II 


Deuterium Exchange in Acid Hydrolysis 


Deuterium . 
1 . No ol 
content of Deuterium 


Compound isolated hydrogen atoms 


i 9 aes exchanged 
Pye atom per cent 

Acetylsulfanilamide 2.56 Sulfanilamide 0.05+ 0.04 |0.17+ 0.13 

Acetic acid (Ag salt 0.20+ 0.22 | 0.234 0.25 

\cetyl-p-aminobenzoik 1.95 p-Aminobenzoie acid 0.36+ 0.05 1.294 0.18 

cid Acetic acid (Ag salt 0.24+ 0.20 0.37+ 0.30 

dl-Phenylaminobutyri 1.3 dl-Phenylaminobutyric | 0.10+ 0.07 0.30+ 0.21 
acid acid 


vielded acetyl-l-phenylaminobutyric acid. This was recrystallized twice 
from hot water. 407 mg. of acetyl compound melting at 179-180° were 
obtained. It will be noted in Table I that the acetyl compound contained 
an amount of deuterium corresponding to 3.4 atoms. It has been previ- 
ously shown (1) that, after hydrolysis of the excreted acetyl derivative, the 
phenylaminobutyric acid contains deuterium in an amount equivalent to 
| atom, which was demonstrated to be in the @ position. Since practically 
no deuterium could have been lost in the acid portion of the molecule 
during hydrolysis, as shown in a subsequent experiment in this paper in 
which the exchange of phenylaminobutyric acid with D.O under hydrolytic 
conditions was investigated, it may be concluded that the acetyl group 
contained the equivalent of approximately 2.4 atoms of deuterium. 
Feeding Experiments with Acetyl Derivatives of Sulfanilamide and p- 
Aminobenzoic Acid—One rat whose body fluids were maintained at approxi- 
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mately a 2 


2.4 per cent DO level received orally 300 meg. ol acetylsulfanil- 
amide for 3 days and another rat maintained at approximately a 2.2 per 
cent DO level received 300 mg. of acetyl-p-aminobenzoic acid for the 
same length of time Che acetylsu 


lfanilamide and acety l-p aminobenzoie 


urine of each rat melted at 218° and 256°, respec- 


acid isolated from thi 
tively Che deuterium analyses for these compounds and the correspond- 
ing body waters are indicated in Table I. 

Deuterium Exchange of Acetic A 


] ad, p lomninobe nzou lod. Su faniiamide, 
and dl-Phe) jiaminooul lead 


ure “vice (‘ond lions of Hydrolysis Svynthetie 
acety! p-a ninobenzoic acid and acetvlsulfanilamide were hvdroly zed in il 


solution of HCl in dilute D.O under exactly the same conditions described 


previousl\ Lhe resulting silver acetate, 


sulfanilamicde 
ZO A id were analy zed lO} ce ute rium Table I] 


//-Phenvlaminobutyri 


: and p aminoben 


acid was boiled with 2 N HCl in D.O (4.3 atom 


irs The HCl was removed by distillation and the 
phenylaminobutyric acid, after two crystallizations from H,O, 
] 


we 
inalyzed for deuterium 


Che analvtical result is shown in Table I] 


DISCUSSION 


lhe acetvlations which we have studied have one feature in common, 


deuterium trom the bod) ater 1s found in the acetvl group of the acetyl 
ated con pound Furthermore, since the deuterium from the bodv wate 
does not enter the preformed acetyl! derivatives, the deuterium must have 
been taken up by a precursor of the acetyl group before or during the 
process of acetylation 


One of the possible mechanisms suggested for the t 


wetvi-l 
phenyvlaminobutynie acid 7 » from d-phenylaminobutyriec acid (8, | 
involved a condensation of ammonia, pyruvic acid, and the keto acid de 
ived from the d aci The phenvliminobutyrie acid resulting from the 
condensation of phenviketobutvric acid with ammonia, according to this 
mec] : ndense ith pyruvic acid. An intramolecular oxidation 
eduction of this condensation product results in the formation of acetyl! 


{ » nl i and p-ul Imobenzo1 Clad differ 
} na at no 1¢ LC1ds mn t} t the group 
It } 
rt uy rt () 
i 
| | \ 7 
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these compounds is attached directly to the benzene ring, and the formation 
of the acetyl derivatives of sulfanilamide and p-aminobenzoic acid, there- 
fore, could not involve an intramolecular oxidation-reduction reaction. 
In the present investigation in which the acetyl derivatives were formed 
in vivo in a medium of D.O, no distinction in the deuterium content of the 
acetyl group was observed between sulfanilamide and p-aminobenzoie acid 
on the one hand and phenylaminobutyric acid on the other. 

However, the deuterium studies place a restriction on an acceptable 
mechanism for any of the acetylations reported in this paper; namely, a 
specific requirement for the precursor of the acetyl group. This precursor 
must be a molecule which is capable of exchanging its hydrogen or reacting 
chemically with body water. In view of the fact that the acetyl group 
always contained approximately the same amount of deuterium, it may 
be that there exists only one precursor substance for the acetyl group, 
irrespective ol the character of the substance being acetylated and of the 
precise nature ol the acety lation process. 

There is no doubt that exogenous acetic acid, as well as pyruvie acid, 
can function as a precursor in the formation of some acetyl derivatives. 
In fact, the possibility of acetic acid being an acetylating agent has already 
been pointed out in a detailed discussion of the acetylation of phenyl- 
aminobutyric acid (1). Klein and Harris (9) found that added acetate, 
pyruvate, lactate, and acetoacetate increase the amount of acetylsul- 
fanilamide produced by surviving rabbit liver slices. James (10) reported 
increased amounts of acetylsulfanilamide in the urine of mice receiving 
both acetate and sulfanilamide. Harrow and coworkers (11) have shown 
that both pyruvie and acetic acids augment the excretion of acetyl-p- 
aminobenzoic acid by rabbits fed p-aminobenzoic acid. Recently, Bern- 
hard (12) demonstrated the presence of deuterium in the acetyl group of 
acetylsulfanilamide and acety!l-p-aminobenzoic acid exereted by rabbits 
receiving deuterioacetic acid or deuteriocethv! alcohol in addition to the 
chemicals fed. Bernhard and Steinhauser (13) have also found deuterium 
in the acetvl derivatives excreted by dogs fed deuterioacetic acid and d 


or U-he xahvdrophenylalanine, a substance similar to pheny laminobutyric 


acid in behavior as well as structure since the form corresponding to the 

innatural series of amino acids is inverted upon acetylation. In the 

formation of acetviphenyvlaminobutyvrie acid, Knoop and Blanco (14) were 

ible to inerease the amount of acetvlphenvlaminobutyrie acid excreted 

hen pvruvie acid is fed simultane ously vith pheny Iketobuty ric acid to 
ent greater than when butvrie acid or acetic acid was fed. 

Since acetic acid does not exchange its hydrogen with that of the body 


. is " ' ] | ‘ + | no 
MecLADIN i shown OV thre VO'rK ol Bernhard 12 . the present 


gation would indicate that if acetic acid is an acetvlating agent 
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it must be formed in the body by an irreversible proce hich introduces 
the hvdrogen of the hody water into tne molecule 4 ad does not 
exchange with water readily, } iro 15), and uw tl nods o, then 
pvruvie acid, to qualify as a precursor of the acetyl group, Must also be 
formed in the body in a manner which permits the entrances he hvdroger 
ol the hody water into the molecul 
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ionic pattern of intracellular tissue fluid is not quantitatively estab- 
ished owing in part to the lack of exact knowledge of the concentration of 
inions and in part to the absence of information regarding the degree 
h the intracellular salts of potassium and magnesium are ionized. 
ince the activities of certain intracellular enzymes are influenced by their 


nic environment (1, 2), it would be of value to know the intracellular 


concentration of the cations, potassium and magnesium. 

\s a contribution toward an evaluation of intracellular magnesium ion 
concentrations, (a) the solubility product of the salt MgHPO, and (b) the 
lissoclation constant. A’. of the reaction VegH PO, ‘Mg T HPO, 


e been determined at 38 


Values of the dissociation constant of MgHPO, have been calculated by 
( ! d, Redish, and Wibrick (3) from titration curve data. The values 
uned | conductivity measurements to be reported herein agree in 
th those of Greenwald and his collaborators 
ibility of MgHPO, was determined by Cameron and Bell in 1907 
| llowever, as no pH values were determined at that time, it is not 
culate with accuracy the solubility products from these data 
lxperiments were therefore carried out in which equilibrium was estab 
shed between the solid phase, MgHPO,, and solutions containing \lg 
HPO H.PO \ ind | at an ionic strength of 0.160 + 0.008. 
\iter equilibriu the hquid phase was analvzed for magnesium, total 
hosphat nd pi 
rom these data, the product [total Mg} & {total HPO, was caleu 
ted This product is not constant, but vaned with different concen 


phosphate and magnesium, indicating the presence in solution 


ol gnificant amount of undissociated MegHPO, By combining the 

ements of the dissociation constant of MgHPO, (determined by 
conductivity measurements) with the solubility measurements, reasonably 
onstal ( the solubility product were obtained, 


EXPERIMENTAI 


e experiments on the solubility of MgHPO,, equilibration of the 


id and solid phases was carried out in a 38° + 0.5° constant tempera- 
ture roon Rotation of the solutions was maintained for 24 to 48 hours. 
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Below p 018. the ionie strength was derived solely from the MgCl. 
nd NasHPO originally present Krom pu 0.018 to 0.160, the concen 
ne of MeCl and NasHPO, were each 0.008 u in the mixture, and the 


atiol 


| ionic strength was obtained by the :ddition of NaCl solution. The 

tion of the conductivity due to the added Nat | was calculated from 
the molar conductivity ol NaCl which had been previously determined 

the given lonic stre ngth This value was subtracted from the respec- 
tive conductivity readings to obtain the conductivities due to MeCl and 
NaoH PO, in the solution 

No precipitation occurred In any Ol the solutions, since the |[Mg**}] X 
HPO is alwavs less than 9 > 10 This is much lower than the 
solul tv product ol \igH PO, is shown below 


4 } 
Leo 


Ph ave calculations are based on the assumption that the undisso 
ed compound is MgHPO [his is shown by experiments in which a 
V0 « MeCl solution and a 0.006 mM NagHPO solution were mixed in 
onortions, and the conductivities of the mixtures determined. 


1 \IeoHPO, were tormed 1s plotted against the composition 


on in Fig. | lhe greatest decrease in conductivity occurred 
e ratio of Mgt te) NaoH PO; was unity, strongly indicating that 


nd formed was MgHPO 
nee if Val PO Vhe \ f the ionization constant, 


rom the et | on 


(, ( ( rie non the gi wn 0 Ol MLTISON 

| ese! ( I I hi COl et ( Zi rT ot \ioH PO 
1 (2), and be described , | 
S7 j \ 

\ ( (0.160 el esponds to that of extracellula 
eat ( ge experi ental aie ol IN woerPpo, EF 1.62 Although 
strength ot int eellula flaiids is not WI t the resent time, 
i} t st 9 ’ 3 or | trom that of The extracellula fluids. 
| sel O ! he iption that the 1oni¢e st ength and 
ondyetivities in the solutions remained unchanged when 
mixed his is not strictly true heeause of the formation ol the undisso 
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However, this introduces no significant error except at 
| 


values of pK’ may be approximately 


0, -From the determinations of pH, mag 


he liquid phase after equilibration with 
\Ig x [HPO] kK’ 
as made in for the amount of 


product has 
each case 
t, as estimated from the preceding condue 


experiments was made at an ionic 


Ol nine 
in Table | These data vield an average 
DISCUSSION 

ition on the intracellular concentrations 
te inions capabl Of torming magnesium 


the amount of un-ionized intracellular mag 


‘ to note that preliminary estimations ot 
e magnesium salt of a glycerophosphate by 
t he epkh 1.28 at 0.160 If one 

oncent on ¢ total magnesium is 20 mM 
neentration ot a glycerophosphate is 25 mM 
ed that the concentration of undissociated 

» of intracellular water 22 pe 

orm of an undissociated salt If the 
wed to HPO, the alue for undissociated 
yo KIO ¢ intracellular water, o1 32 pel 
he ass ition tl no other intracellulat 
vu yhosphate anions but also protein 


Lee il rie above calculations ure ol 

n indicating tl ither lare proportion 
“ pro ib] present in non-ronie torm, and 
I rie ti rhe phosphate ion present 
re resented onirming the incomplete 
at (7 rIN HPO 287 } 15 

! - na vv ) nt cel i electro 
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Va? nS \ by lina 
publica April 15, 1943 
he laboratories of the se nior author very con 
tt eids of the liver were found in rabbits 
ind in rats fed brominated ethyl oleate 2). In 
ogen was mainly or wholly in the 9,10 posi 
iwht it worth while to investigate under strictly 
non ive lat of iong chain fatty acids in 
1 been substituted for hvdrogen at various 
7 
IMEN 
obtamed brominating the corre 
ice-cold ethe lution.? and subsequently 
n the presence of sulfuric acid (‘commercial 
nd undeeyleni ids were used in prepar 
y 10-d ymmostearic, and 10,11-dibromounde 
a ( 6 ,7-dibromos rie acid 
f eeds i hich 1 - major 
Atte ! 1 ol the acetone extract ol 
ere dis ( ilecohol and most of the 
ny I ll same ! lead acetate (On 
te, petroselinie acid was precipitated as the 
at C1 ey} ted oiling with hvdro 
repe lerystallization from aleohol. To 
the « ling unsaturated acid was 
1) \l ht \p 
y \ s r 
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ye I iri 
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aleohol-ethe \ fraction of the filtered extract was saponified and the 
{ fatt acids determined bv titration The results, corrected as sug 
vested by Deuel et al. (11), were used in the calculation of the absorption 
1es For all brominated compounds such values were considerably 
in the longer than in the shorter periods. This suggests the possibility 
hat part of the absorbed bromo fatty acids might have been reexcreted into 
test il tract Conelusive evidence for a reexcretion of ingested 
previously found in experiments on dogs with an isolated 
2 \ecording n our calculation of the average absorp- 
BLE | 
| / | Vario ste 
’ nM ms 
. ys 10.425 0.890 0. 331.0.900.0.5S1'0.923 
0.790\0.627 0.619 
2116.38 4 Pe S 1h 256 2 535.1.660)1.839)1.965 
2. §$25)1.319)1.830 
r $2 » yO. 1084 .O0) 0. 250.0.410'0.670'0. 201 
0.499.0.3660.515 
M0 O88) 5 20 { 510.219 0. 37¢ 0.246 0.2000. 2630. 147 
0.169'0.420 0.346 
. 30) ). 20 0.003'0.033 0.114 
( 29 GS 0) ) 0.052:0.085 0.129 
0.135 
1 espondirg periods 
72 0 mg Br per 24 hour 
Lyd obtained in the ngest periods of experiment (42 
_ e been disregarded 
~ ogel ieterminations ere also made on the urine of rats fed 
t r i alte incineratior Krom the data, the 
ted fasting ts in correspol ling periods were subtracted 
e assumed. te epresent the inorganic and 
0.14] 100/95 
cids in the feces 
} as he teces 
oC 2 nd 72 hours 
\ S ( g very ot tatt 1as 
‘ | eeding All values 
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omine found in the live lipids follow the same order as 
ral However, whe I the halog Nn values are expressed 


int for onlv a variable usually minor, fraction 


‘) i ‘) 
1 ’ 1 
umulated in the liver (Table I] ven in the event 
? T1? ? } hy arid t} > OY 
Ol ( Ing In monobromo acids, the amounts ol 
' ' . 
ls in most eases would still be considerable, es 
‘ 1 + . sal 
the 9,10-bromo este In this respect present results 
h those previously obtained with iodized fats (1 
; +) 
i 
\s co ed with the increases following admin 
ethvl stearate had onlv a slight Ol negligible 
t his effect was not substantially modified by the 
LAl II 
| +a, / j fh, | l) 
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( Ani ) ae in doses nich ere probabDl\ 
t S ¢ me) ( ( ed tror thre promo esters 
( on in J le T] 
) —T¢) 
lominant role in the first stages of tatty 
SE4 nabie to ass hat inder proper exper! 
] 
1 rate t catabolism would result in ar 
Heriments. tl it depots were deplet L by 
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the halogen occurs at positions not 
ly 8 oxidation, the products would be used with much 
ind would te nd to accumulate in the liver 
ecessary to ¢ mphasiz that at the pres nt time this must 


AS i working hv pothe SLs 


SUMMARY 
] single doses 01 the ethvl ester ol fatty acids in 
ms had been substituted al various positions on the 
the total fatty acids in the live! and their bromine con 
rhe! ighest degrees of fat infiltration were obtained after 


stearic ester, followed in order by 13. 14-dibromobe 
( ear and 2 3-dibromostearic esters \Lost ol the 
ted in the liver had already lost then bromine. The 
ceviie eater was highly toxic. A hypothetical interpr 
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HE PREPARATION OF THE HIGHLY ACTIVE BARIUM SALT 
OF HEPARIN AND ITS FRACTIONATION INTO TWO 
CHEMICALLY AND BIOLOGICALLY) 

DIFFERENT CONSTITUENTS 


| | KUIZENGA vp L. BAYARD SPAULDING 
The Upjohn Company, Kalamazoo 
\! ) 
~ lament k of Howell (1) on the blood anticoagulant 
! heparin, and which he prepared in sufficient purity 
fat estigation of its functions (2), very pure prepara 
ble for clinical use have been obtained (3-5 
g hemical constitution have been carried out 
m 1 vene) ereed that heparin consists ot one o more chon 
Is (9 
| ‘ the extraction of heparin from beet lung, we 
ons O tisfuctorv puritv by the method 
~ t (3-5 ha elds of crude heparin obtained were 
ported by these authors (4 bv an alteration of pro 
east 2 times as much heparin could be ex 
tained as a crude heparin \fter the prep 
ng lOO units per mg., two definitely different 
l i e prepared, one ol highes Activity and 
( I ild not be transformed by fin 
( hye t 
| 
\iter a caretul comparison of heparin 
tes -eparate report from this laboratory 
e results could most easily be obtained by 
ne plats The end-point of the assay 
ti to fluid sample Ith increasing concentra 
( I i] plasma than tor whole eat blood, 
nknoWw! eparation is Obtamed as 
Cs Is sel mn containing 1.2. 1.4. 1.6, 1.8, 
2A 2.2 { lard heparin in 0.3 ce. of O.S5 per cent sodium 
\ . np sheep plasma the transition from 
e center of this nge Similarly, the unknown 


ibes covering a range of dilutions 
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that of the standard Krom this we conclude that the 

salt is at least equal to that of the “crystalline 
the literature (5. 6 50 gm. of this material 
hun lt and fractionated with acetone as de 


| e fraction precipitating with 65 per cent ace 
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igment, variously known as chlorofucine, chlorophyll 
has been found, along with chlorophy I] a, in cer- 
vellow algae (9), diatoms (1, 9-11), and symbiotic 
ibiting certain sea-anemones (14, 15 As an ex- 


ork on the natural occurrence and possible signifi- 
now examined additional marine and 


ve have 
dinoflagellates, diatoms belonging to both the 
entrales, red, green, and blue-green algae, as well as 


vo most abundant of these 


+ 


sea-anemon The 
16, 17), play a predominant part 
iction of earbon compounds 


1S—25 about the occurrence of 


sjctent i ibts Ze 
nt extracts as well as in the cells themselves have 


pe rtinent expe rimental facts relating to 


rtem formation of this pigment (19). Our investiga- 
i nations of the relative amounts of chlorophylls 
ed i ious Wavs from organisms yielding much 

( oO examined various alteration products ol 

ol neeivably be confused with chlorophyll « 

{ the earlier results and conclusions will be 
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tracts of the centric diatoms and of the symbiotic alga that are 
{ SOrTDINGE Orange vellow xanthophylls When corrected 
these carotenoid pigments, the difference values are in 
ores Cl vith the absorption curve tor chlorophyll C. This 
Im shape ol the difference eurve with the curve for 
licates that the green pigment in the algal extracts, in 
op primarily o1 solely chlorophyll Cc. 
*. a oO M 
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re ad ze 
I “> r 8 ~ < 
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al ' om 
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~ t i 
MeN 2 
» 
thas 
Fic. 3 
I ( bite 
i \ b 
| () | Phe irves are 
t j ; ; plot 
yg ! s nd methanol 
\ } } \bsorp 
dinoflagellates is identical with 
u pigment Was pre pared trom Peridinium 
sorption bp perties ere determined The 
oduced I] lig 4. 2 i emarkably good 
orophvi bre \ frorh7¢ | except in the 
SOrptiol . eC) small In these regions, 
need yrrent ce ! tres es of other colored sub 
pon columns ot powdered sugar, chloro- 
Peridinium, trom d 


toms, and from the sym 
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Vel rvanis ould not Vary vhet the cells are killed and extracted 


n daifterent ly ( ot the high chioropl ll c content of Perrdinium 
L be { rile the pigments are extracted, the relative 
obtained from this organism treated in dif 
( have been det ined and com ed 
( ¢ red f° s that ere dried in an uated desiccato 
y Chioriae ielded a gray-brown powder amounting to 
yop ent Live esh weight hivel hen the cells had remained 
( eks, the pigments ere removed rapidly and com 
he spectral properties of such an extract (Fig 
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he green solution to change instantly to yellow green Neutral 


wi met 


t 593 mu but none in 


> 
he 
’ 
r 
) 
} | 
r ( 
‘ 
( 
i () 
‘ - 
( \tte 
l t t 
i 
f 
1 
, 
} 
} ey 
’ rie 
\ re 
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hanol solution with dimethylaniline did not effect a 
Chis neutralized solution exhibited a poorly defined 
the red region of the spectrum. By 
itions of chlorophyll a, the isomer chlorophyll a’ 


ielded deep blue solutions with concentrat L hy 


wohvtins obtained bv neutralizing these solutions with 


ted pronounced absorption in the red region of the 


n c is. therefore, not identical with any of these 


hlorophvll ¢ cannot be chlorophyll a, a’, or 6 with 
ited for magnesium 

solutions of chlorophyll ¢ in me thanol were mod 

! rly 2 months. the color of the solutions had not 

nlv slight changes in the spectral absorption 

j DRY ( floropry lt perchance 


l om ¢! rop l ipon death of the cells 


r ur nts (19 one might expect to find chloro 
posure of chlorophyll a to the 
n and separation of the algal pigments 
ys d from ious sources by chromato 

d in different solvents and treated in 
room temperature, the pigment was 
No change as observed in the absorption 
erved above chlorophyll a upon readsorption 
powdered sugal Solutions that had stood 
ned ill additional band below the 
o is chi phvi hich forms rapidly 

f chlorophvll ire heated (31 

' chlorophyll a or a’ when permitted to stand 
in the light. slowlv formed other pigments in 
\ll these pigments were adsorbed above 
im! All but one of the four to six or 
d bands on the columns ere similar in color to the 
Che exceptional band, which was adsorbed third 
DI is much bluer than the others Pigments 


nds with methanol exhibit d absorption maxima 
dentical with those of chlorophvll a; namely, aul 
tion of the pigment from the blue band exhibited 
it a shortel vave-length: namelv, at 656 mu None 
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(*? Oropnvel 
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ble the analogous product obtained from chloro 
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| considering, the variety of products formed, we believe that the 
33, 34) 1s in need of 


henomenon of the ilomerization of chlorophyll 19, 


913 and 1914 W tiitter and Page reported that chlorophyll ¢ was 


( ( ts prepared QuicKiy Trom tres} brown alga vith cold 
ent i i Laull pparently based on the absence of the 
out 650 my Phe ilso reported that 
n extract stal nicht mehr frischen”’ 
p it did not des the method employed for its 
i ini I Lie mcluded that chlorophyll 
I MiOroy i I SOT inknown 


concurred in by Kvlin (20), by Mont 


2d ~ his rkers (21, 22 

I zed in lig. 1, there can be no doubt that 
( { { ol ) red | | res! ells It is obvious 
l f y that the ubsorption band 

‘ ( hese ¢ wits DV Ul spectro 
\\ ( rel ‘ {7 ! celal lol the 

ipive Lp to te 

! ided, contrary to Will 

i - { ike Alt} ligt Wil 

here SSIS 6,7, 10, 11 
! ) im the 

pnvi In living 

ft y he absence of this green pigment. — In 
l [ Onn ) nvsicabl state or CompmMNAa 

( g lets (, 38 Our experiments with 

l ( ate } l ms Adsorhy | chlor 

’ | i opt ’ I) Tive 

- I ( 2) ne pizments 
I ( Is not intenst 
| is ! ( ‘ ! ration of the 
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n und dinoflagellates are st parated DY adsorption, none of these 

is ident ith chlorophyll « I:vidence has been obtained that 

ization of chlorophyll may be a very complex process involving iso- 
el] xidation reactions 
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THE AKROBIC CARBOHYDRATE AND LACTIC ACID 


METABOLISM OF MUSCLE PREPARATIONS 
IN VITRO* 


By WILLIAM C. STADIE anp JOHN A. ZAPP, Jr 


Hei V Department of Research Vedicine, l niversily of 
i] jlvania, Philadelphia 
teceived r publication, March 30, 1943 


(il¢ Oll iscle metabolism in vitro, the use ol various types of mus- 


s and strips is wide-spread. Frequently, supplements such as 
iic, and citric acids, boiled muscle juice, ete., are added for 
se of studying metabolic cycles. On occasion malonate is added 


e evclie reactions of the 4-carbon dicarboxvlic acids at the succinic 


ious animals has been used, but pigeon breast muscle has 


choice of most investigators. Pigeon muscle mince suspended in 


e-saline buffer shows a rather characteristic behavior in oxygen at 


re is a very rapid initial uptake of oxygen which falls off in the 
2 to 3 hours to a small fraction of the original rate. The total 


lepending on conditions, supplements, etc., varies, but in 


yplemented medium or in media to which small amounts of fuma 


e have been added the oxvgen uptake may be as large aS 


gem. of (wet) tissue, averaging about 200 micro- 


v1 \s a rule, the respiratory quotient is high (average 1) in 

| preparations. This high value has naturally led to the 

that the major portion of the oxygen uptake is concerned with 
tion ¢ onvarat 


imple nrecent work on the influence ol insulin in vitro upon the 


m of pigeon muscle mince 1-4) the constant finding of a small 
ncrease in the oxygen uptake in the presence of insulin and 
plements such as fumarate, citrate, ete., has led to considerable 
possibility that insulin influences the reactions of certain 
e by which carbohydrate is oxidized. The tacit assump- 
le that the pigeon mince is oxidizing carbohydrate or at least 
the § colytie evel However, we have been unable to 


terature many determinations of carbohvdrate balances in 


vas aided by grants from the Rockefeller Foun 
( t n Researcl n Endocrinology of the National Research 
> s Plot indatior ind the University of Pennsylvania 
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PP? epa al eli of . Bl ndor’”’ Mince 


\ weighed quantity of muscle, freed 
from fat and connective tissue, 


was placed in a Waring blendor containing 
easured quantity of chilled medium. The tissue was subjected to 30 


seconds blending at 14,000 r.p.m. (7.e., to the action of rapidly revolving 


K] eS and was strained through wire gauze to remove ZrOSS particles. 
Samples of the resulting filtrate were then pipetted into Warburg vessels. 
The muscle particles in the suspension so obtained are smaller than those 
found in a Latapie mince, but on microscopic examination fibers were 
clearly recognizable. Prolonged blending results in a preparation with no 
ler ble histological structures and a greatly diminished oxygen uptake. 
p eparatior of Vuscle St ips The technique used was similar to that 
lescribed by Richardson, Shorr, and Loe bel (7 The muscle strips were 
mared Dy cutting along the fibers with small sharp scissors, with as little 
a hin dle Mile a possible The strips were weighed into Warburg 
ons fs . Meare Scissors mince vas prepared as described 
Kutscher and Sarreither (8 The muscle was thoroughly chilled in 
e and a fine mince prepared with small sharp scissors. The size 
he . particles Was comparable to those obtained in a Latap 
Individual samples were weighed into Warburg vessels. 
Three tvpes of buffered medium were used 
] [—T} the as a potassium-magnesium butiel designed to 
he composition of intracellular muscle fluid as closely as was 
+] hy re iirements of the me lium This butier consisted 
KoHPO | KH.PO, 0.075 mu, KC] 0.020 mM, and MgCl, 0.020 Mm; pH 7.4 
Bi [i— TI is a phosphate-saline medium containing no potassium 
eonesium: NasHPOs and NaHePO, 0.050 ma, NaCl 0.080 Mm; pH 7.4 
2 [I1I1—T) buffer contained bicarbonate, and when used was 
NaHCO, 0.025 m, NasHPO, and NaH,PO, 0.020 mu, NaCl 0.080 , 
IK nd MeCl 0.005 Mm: pH 7.4 


final concentrations during equilibration 


|} }¢) nl pl md RR pirate / Quotient \leasurement 
I na bon dioxide formation were made at 38 When 

; ' s used. the gas phase is 100 per cent oxvgen. In this 
\\ uurg vessels having a single side sac containing 

t¢ ell containing acid wer ised \t the end of the 

r he entire ontents of the lask wer acidified by mixing 

| KA nd medium, and the total COs of the vstem Was measured 

: © initial CO. of the svstem was measured by setting 
Is containing tissue and the same amount of buffer as the samples 

\t the time hen taps of the manometers vere closed and thi 
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] 1 | 
respiration period begat weld iS Tipped in these controls Consequently 
the cdifts rence bet een the tot il (hh of thy Ssvstem at the beginning ind end 
of the respiration period could be caleulated 


When Buffer III was used, the g 
per cent CO In this case, the eq 
essels designed 1) one ol Is \\ ( 
measurement of oxygen uptake, Ccarbolr 

Determination of Total Fermentabl 
vere transterred quantitative to 
hvdrolyzed 2.5 hours at 100° in a bo 
sis, the tubes were e d with gla 
ers Che hvdrolvsates were deprot 
protein-tIree hitrates ere then acid 
of Llovd’s reagent, and kly filte 
filtrates by the Benedict colorimetri 
termentatior (‘olors ere read 
ith Filter 42. Fermentable reducit 
mince OO! mcec is that ] ! 

, 

ere in general r etter thar 
trations at the end of the e« ratie 
but muel ct Hence tl ( 
TIO! lepends I Ons ie} (il f 
method. We used two method 
method ‘) i sit te 
onsiraderatior 
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' } ( ‘ ql li! (LECT E s( 
, ‘ 
t} ! tiv ~ to. iLO 


Ble nao 
m phosphate-saline buffer (No 


O46 


but no such decrease is found in the 


Vince 
I), pH 


t 38 Pigeon 265-C, same with 


71.9 
O accounted 
) " ~ 
tor \ 
earbohydrate 
) 0.90 
S38 
ata) O.92 
oa) () ‘H) 
; S89 15] 
ys ()2 5S 
03 73 
t ™s ‘5 
098 LOG 
etermine 


the carbohydrate 


ye j ease Oo 
omoles per gm The oxvgen 
nges from 58 to 106 micromoles 

ON 1M gm. ol ‘arbohvd ate, 10) 

irbohvdrate Daianee 1s found 





{ h ol 0.050 


In the case of Pigeon 265-C nicotinamid 
uM ible destruction of 


vas added to the buff ith the intent to prev Dos 
diphosphopyridine which is known to occur in the presence of disintegrated 
tissue (Handler and Klein (12 However. the results wer ntially the 
same as without the nicotinamide 
lable I] shows the esults ith a Lat LD nince suspended in sodium 
yhosph t sal rie Lit¢ In this case sodiun ruin { possible aug 
entor ot carbohydrate oxidation was added in rving amounts up to 20 
Lt omol pe a Ol TUSCH equi ilent to a ( ncent tion ol 0.002 
M Phe results we essentially the same as with t! ot phosphate 
Pasie I] 
b V ] 
Pig (5 ) { ! } ‘ 1] 
| IS 25] 
Af nt — 
ne an 1 sail Ih, ‘a oe 
( er Dye bet | ts : ‘ | } ; ore ' 
I Ounte ese a ~ nging trot (YY) to JS , 
ecuivak 9 te A7 omoles per 1 ' 
S l / I") f pre 
is if ~ ri¢ f r)" ‘*! i's { { rie ‘ 
t | } ~ P QR \ — sid ed 
+ . . \ ( oO 
! ( () hy mince | } anes 
Latapi Chis mince took up oxyg eriod 
wy nity A) ( er g er | x0) 
70 ere o] ’ v " - ; or 


1iM) omoles 
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eould be accounted for by decrease of fermentable carbohydrate + lactic 
acid. If the r.q. of 0.85, observed on another preparation of the same 
type, 1s used (see the foot-note to Table III the oxvgen unaccounted for 
is equivalent to 24 micromoles per gm. of carbohydrate, a considerable 
quantity 

Pigeon Vuscle Mince wv Presence of Valonate The use ol sodium 
malonate in tissue suspensions is predicated upon the hy pothesis that the 


action ol succinodehyvdrogenase Is completely inhibited, especially at high 


\ Pig Bre V/ e: S V/ 
238. 2 sium phosphate-saline buff No. I), pH 7.4, 0.27 
I i ta yr 300 n ites 
ml ymoles per gm 
( 49.1 
4.4 
ing ) Te nt 
( i r | A 
4 yarat 
28.4 7.3 132 330 
{)} 1) Hh 4 Tit 2HS 
6.0 ) 19.9 $11 29] 
Ss 20.4 1IS.6 S82 268 
x9 3g9 ISY 
(@) h formed during the course of the 350 minutes 
mpossible to measure the respiratory quotient in this experi 
m another pigeon N 242 prepared In exa tlv the same 
spire To! shorter period of tim 150 minutes) gave as the mean 
y 264 + 2. R.g. OSS + 0.02; compare the mean oxygen 
Pigeon 23S 2%65 micromoles per gm. at 150 minutes 
' 
0.025 M meentration of malonate Reoxidation of succinate therefore 
s assumed not to occur and any eveliec reactions 1n\ olving the 4-carbon 
boxvlic acids are stopped at the succinic acid stage. If, however 
some member of the Cvcte antecedent to suceimic acid Is present, it is as 
. ; { , 1 vel Tt ; ' a wt l. ly +] —— Ixr3 r 
su eil rhih KC il 1 CVCLI enctions, Parvliculariy hose involving 
t} , tj moarhol t ny) to thes , »geid stage i XAl le 
e oxidation oO ipbohvara ip to the succinie aed net or exampk 
ul irl wid CVCLe O Krebs presupposes that in the presence ot added 
’ ‘ » part } lyn f +} } 2eENnree 4] 
ll ISCé ssue will oxidize carbohydrate in the presence Ol ma 
onats cording to the following equation: fumarate + ‘triose’’ +- 2.50%. 
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measured carbohvdrate summation was an increase rather than a decrease. 


In other words, all of the oxy gen uptake observed must be accounted for 
’ by some substrate other than the fermentable hydrolyzable carbohydrate, 
‘ or lactic acid 
: Cat Muscle Strips and Vineces— The earbohydrate balances in the case 
of cat muscle strips and minces are no different from those observed in the 
case of the pigeon breast muscle minces 
. In Table V are given experiments with a fine scissors mince of cat semi- 


membranosus and also long muscle fibers dissected out intact. In the 


ise of the muscle fibers the conversion of fermentable carbohydrate to 


Past \ 
( V S } nd Scisso V 
Cat 200. 2.0 potassium phosphate-saline buffer (No. I), pH 7.4; equi- 
j . 
. s mil sp n 
47.5 
Oe una 
< . Ange ' — . siaonamiis 
; ae ptake I \ ca 
bohvdrat« 
> 20.4 | 2.4 74 0.97 58 
22.8 2.2 9.4 i3 1.00 i 
\1 28.9 5.2 +-6§.3 S7 0.99 N7 
i 15.6 + 11.9 9] 0.97 9] 
tic acid is not complete as it often is in the case of mince. Hence, some 
carbohvdrate as such was alWavs present during the course ol the equili- 
bration However. the decrease of the carbohydrate summation is either 


slight or none, despite which there was found a considerable oxygen uptake 
ith a respiratory quotient of practically 1. Essentially all of the oxygen 
iptake theretore, remains unaccounted for by carbohydrate oxidation as 
measured by fermentable reducing substances + lactic acid. 
In the case of the scissors mince of cat muscle, there was found an increase 
of the carbohydrate summation, although the total oxygen uptake was 
sufficient to account for a decrease of about 16 micromoles per gm. of carbo- 


hvdrate 
Depan eatized Cat Musel In Table VI are shown the results of experi- 
The ithors wish to thank Dr. F. D. W. Lukens, Director of the George S. Cox 


Institute, University of Pennsylvania, for performing the pancreatectomies on the 


s used in these experiments 
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‘ 
ments with Latapie mince of depancreatized cat muscle In this case the 
~ " : . - . s Ci 
buffer was a sodium bicarbonate-saline buffer (No. III) equilibrated with 
q 
| | Vi \\ 
Lata Vince Strips of Muscle of Cats 2 Days after Par tleclomy g 
2.0 tf sodium | rbonate-saline buffer (No. LIL) + 0.010 mw sodium fumarate: n 
~ 3 5 p ent O lip (‘0 nH 70 f | 
it m 3 ym 
l 
F ; ; a 
~ { 2 5 0 I 
1) s 
AT ths 1 
8.7 S l re 1.25 
' 79 1.43 | 
° ( 1.48 { 
Me i 1 38 
\l 
i y 4 IS.5 9.3 by (1). S4 | 
2” 13.2 18.5 D.3 bz 
2. M i 
Initia ) 
IS.6 +238 5 2 hi) 0.96 
2 11.7 +-24.6 12.9 s7 0.97 
3 30.7 +28 2 —2.5 55 0.95 
Mean +5.2 14 0.96 
* Same buffer with 0.025 m sodium malonate added 
95 per cent O, and 5 per cent CO». Considerable amounts of fermentable 
hydrolyzable carbohydrate were present in the muscle during the course 
: te ) 
of the equilibration. However, as before, the total change in fermentable | 
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carbohydrate and lactic acid was essentially zero. The respiratory 
quotient was about | and the oxygen uptake of 133 micromoles per gm. 
was sufficient to oxidize 22 micromoles per gm. of carbohydrate, but no 
such decrease could be demonstrated. The same preparation of muscle 
mince in the presence of 0.025 m sodium malonate (together with added 
fumarate) again showed no change in fermentable carbohydrate and lactic 
acid despite the uptake of 72 micromoles per gm. of O2 at a respiratory 
quotient of 1.4. 

In Cat 187 the results both with and without malonate are essentially 
the same. In the case of Cat 252 muscle strips were dissected out and 
equilibrated (no malonate The results here are similar to those found 
before: no change in total fermentable carbohydrate and lactic acid, an 
appreciable oxygen uptake, and a high respiratory quotient. It is to be 
noted here, too, that considerable amounts (20 micromoles per gm.) of 
fermentable carbohydrate were present during the equilibration. 

Ketone Body Content of Muscle Minces——It was conceivable that during 
the process of mincing large amounts of fat might be rapidly oxidized to 
ketone bodies (acetoacetic or 8-hydroxybutyric acid) which would then 
luring the course of the equilibration with oxygen be oxidized by the muscle 
mince with a resultant high respiratory quotient. This possibility was 
completely ruled out by finding, in the case of two muscle mince prepara- 
tions, practically no ketone bodies, either after mincing or at the end of 
the equilibration period with oxygen. 

l\eids Other Than Lactic in Minces—It was possible that some acid other 
than lactic was either initially present or rapidly formed during the mincing 
and was conceivably acting subsequently as a substrate with high respiratory 
quotient. Evidence contrary to this possibility was obtained in the fol- 
lowing way \ blendor mince of pigeon breast muscle was prepared and 
equilibrated with oxygen at 38° for 7 minutes. This would correspond to 
the initial period subsequent to which the oxygen uptakes were customarily 
measured, At the end of the initial period, however, the mince was 
deproteinized with tungstiec acid, the tungstate removed from the filtrate 
with barium, and the barium removed with slight excess of sulfuric acid. 
This filtrate was then titrated with alkali, the glass electrode being used to 
measure the pH. The buffer slope between pH 3.6 and 4.4 was calculated 
from this titration curve and the concentration of acids with pK values 
approximately 4 + 0.4 was calculated by the customary buffer equation, 


total acid 8/0.575, where 8 = buffer slope (equivalents of alkali per 
pH) and 0.575 = molecular buffer at maximum buffer (pH = pK). Con- 
trol experiments showed that total acids with pK values = 4 + 0.1 could 


be determined by this method with an accuracy of +5 per cent. In the 
case of the filtrate from the muscle mince prepared as above the results 
were as follows: lactic acid observed = 127 micromoles per gm.; total acids 





680 METABOLISM OF MUSCLE PREPARATIONS 
(pK = 4 + 0.4) calculated from buffer slope 134 microequivalents 
pergm. Within the limits of error all acid with pK values of 4 4 
accounted for by lactic acid. 
tested. 


It is necessary to emphasize that this conclusion is limited to the non- 


0.1 was 
This finding is against the possibility being 


occurrence of some acid other than lactic with pK = 4.0 + 0.1 or greater, 
The nature of the titration curve of the filtrates does not permit us to 
exclude the possible occurrence in appreciable amounts of some acid with 


pK less than 3.9. 


TaB_e VII 
Vormal Pigeon Breast Muscle; Latapie Mine: 


Pigeon 265-G 20 ce. of phosphate saline buffer (No. Il +- 0.27 gm. of muscle: 
equilibrated at 38° for 2 hours 
The results are expressed in micromoles per gm 
Initial F¢ 
lactic acid (X 0.5 51 


Carbohydrate summation 
Initial ammonia 10.3 


Final values 


. oO , 
( hange o P 
Sample Change “ tie yay: otal Oxyger ' counted for Change of 
o f FC : 0.5 change iptake a by ‘A car ammonia 
oe whydrate 
2 170 0.85 +3.1 
3 193 0.87 +6.4 
5 12 +-7 5 194 0.87 
6 12 +8 } 190 0.87 
g 299 0.90 
Mean -5 194 0.87 164 1.7 





Phosphoglyceric acid would be precipitated as barium salt during the 
preparation of the above filtrate, and hence its occurrence in the original 
muscle cannot be excluded by this titration. However, we have been 
unable to find evidence in the literature that phosphoglyceric acid would 
accumulate in muscle under the circumstances of these experiments except 
in very small amounts. Hence it is doubtful that it plavs any réle in the 
problem. 

Further evidence against the possibility of an acid being the substrate 
was obtained in several instances in which the acid change during aerobiosis 
was determined. None was found, indicating that there was no oxidation 
of any preformed acid. 


Possible Substrates Derived from Protein—Another possibility was consid- 
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ered. A rapid proteolysis might form amino acids which upon deamination 
would form oxidizable substrates. In this case there should be a consid- 
erable increase of ammonia during the course of the equilibration. In the 
experiment shown in Table VII only an average of 15 per cent of the total 
oxygen uptake could be accounted for by the measured carbohydrate 
oxidation. The balance of 164 micromoles per gm. could not conceivably 
be used for the oxidation of substrates formed according to the above 
hypothesis when only a negligible amount (5.4 micromoles per gm.) of 
ammonia was formed. Hence this possibility must be eliminated. 
DISCUSSION 

Muscle strips or Latapie, blendor, or scissors minces of skeletal muscle 
of pigeons or cats, when equilibrated in vitro in various types of buffer 
solutions at 38°, take up large amounts of oxygen at an R.Q. close to 1, 
indicating an active oxidation of substrates initially present in the tissue. 
However, the natural conclusion that carbohydrates or intermediates of 
the glycolytic cycle are oxidized was not supported by measurements of a 
“limited” carbohydrate balance. This was determined as the molecular 
summation of total fermentable carbohydrate after acid hydrolysis calcu- 
lated as glucose plus one-half the lactic acid. This represents the sum of 
glycogen, glucose, and lactic acid. In a considerable number of experi- 
ments with pigeon and cat muscle there was no significant change in this 
initial and final carbohydrate summation. In a few cases the decrease ac- 
counted for 10 to 40 per cent of the total oxygen uptake. 

In some cases, the increase of lactic acid, presumably outside the range 
of experimental error, was greater than could be accounted for by the 
decrease of fermentable carbohydrate, indicating a possible source of lactic 
acid other than fermentable, hydrolyzable carbohydrate. 

It is true that in a good many cases the muscle preparation had no or 
small amounts of initial fermentable carbohydrate. But this was by no 
means always the case. In Table VIII are shown in summary form those 
experiments in which initially there were appreciable amounts of deter- 
mined carbohydrate in the muscle preparation. Several points are to be 
noted. (1) The initial carbohydrate decreased in all cases, but in many 
one-third to two-thirds of the initial amounts remained at the end of the 
aerobic period. (2) As a rule the major part of the decrease is accounted 
for by the formation of lactic acid, for the net change of the carbohydrate 
summation is either a small decrease or a small increase. (3) The amount 
of oxygen unaccounted for by this decrease of carbohydrate ranges between 
60 and 100 per cent of the total. In terms of hexose equivalents this is 6 to 
55 micromoles per gm. of muscle. When corrected for the R.q. by the 
factor (r.q. — 0.7)/0.3, the amounts are smaller, averaging about 15 
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micromoles per gm. except in the case of the scissors mince, in which jt is 
about 25 micromoles per gm. 

These findings lead to the conclusion that large amounts of oxygen up- 
take (60 to 100 per cent of the total, ranging from 50 to 300 micromoles per 


TABLE VIII 
Summary; Carbohydrate Balance . Oryge n Uptake, R (J. of Various T pes of Musel 
Pre parations Equilibrated in Vitro at 38 


The results are expressed in micromoles per gm. 


Oe unaccounted for 
Tota 
: change; As per 
able - ‘ Preparatior Initial Final Fe K cent of 
No > a ; F¢ + 0.5 a A O+ oxi 
eX08 dizing 
acid carboh 
dratet 
I | 265-B) Pigeon, blendor mince 85.7 | 27.6 6.6 1.02 9.7 6 
23.1 t.1 1.08 12.2 75 
265-C ” ” - 107 23.0 5.0) 0.98 12.9 72 
25.0 1.0 6.98 16.6 4 
III 238 “ scissors“! 19.1 3.1 17.3 O.85$ 27.5 61 
2.1 16.7 22.3 57 
3.1 —19.9 24.7 55 
1.] IS.9 22.3 i4 
\ 250 C'at, musele Strips 38.0 13.5 2.4. 0.97 5.3 77 
16.1 t9.4 1.00 12.2 100 
Latapie mines 8.9 10.0 6.3 0.99 14.2 100 
9.2 +11.9 0.97 14.0 100 
VI | 185 +6 é ne 30.6§ 21.7 2.5, 1.07 | 19.7 89 
30.6 21.9 +1.1 1.08 
VI | 252 ‘ muscle strips 39.1 20.5 15.2 0.96 5.1 100 
27 4 +12. 9 0.97 5.6 1 
S.4 2.5 0.95 7.6 75 
Mean 3.0 1.0 14.8 a9 
1 (R.Q. — 0.7 . 
* Calculated as = <x (total O 6Alcarbohydrate + 0.5 lactic 
6 0.3 
R.Q 0.7 
t Calculated as 100 * unaccounted O. - x total O 
0.3 


t From another bird; see foot-note to Table ITI 
§ 0.010 m fumarate present 
0.010 m fumarate and 0.025 m malonate present 


gm. of tissue) cannot be attributed to the oxidation of reducing fermentable 
substances obtained after acid hydrolysis, or lactic acid. Substances such 
as phosphoglyceric acid, phosphopyruvie acid, dihydroxyacetone, ete.., 
presumably occur in such small amounts in muscle that they may be 
reasonably dismissed from consideration. 
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As already discussed in the introduction, hexose monophosphate would 
not be included in the carbohydrate balance as determined here. Reported 
analyses in the literature for hexose monophosphate content of muscle of 
various species range from 2 to 10 micromoles per gm., with an average of 
5, somewhat lower than the amounts unaccounted for here. The possi- 
bility, however, that phosphorylated hexoses, particularly hexose mono- 
phosphate, will account for the balance of the respirations of these muscle 
preparations remains open. But its eventuation would make it necessary 
to entertain the hypothesis that the phosphorylated hexoses are the main 
if not the sole carbohydrate substrate in muscle preparations of the type 
used. 

The possible substrate remains undetermined. Direct fat oxidation as 
the sole or main metabolic process would be incompatible with the high 
respiratory quotient. The possible occurrence of sufficient ketone bodies 
from fat was excluded by experiment. The formation of some acid other 
than lactic acid with pK 4 + 0.5, such as pyruvic or phosphoglyceric acid, 
was also excluded experimentally, or at least made unlikely. An occur- 
rence of oxidizable substrate by formation of amino acids from protein was 
likewise excluded. Since the respiratory quotients reported here are total 
respiratory quotients measured over the entire period of equilibration, the 
possibility that there are changing phases of metabolism during the course 
of the equilibration cannot be excluded. Laser (13) found indications of 
such changes in the type of metabolism of mouse kidney slices with time 
and suggested that this may be reflected in changes of R.q. if measured over 
shorter intervals. It is difficult to see, however, how this explanation 
would change the main conclusion which our experiments bring us to; 
namely, that some substrate not fermentable carbohydrate or lactic acid 
is being oxidized in large amount by these muscle preparations. 


SUMMARY 


1. Muscle strips, Latapie, blendor, or scissors minces of skeletal muscles 
of pigeons and cats were equilibrated in vitro in various types of buffer 
solutions at 38°. The oxygen uptake, respiratory quotient, and change 
of reducing fermentable substances after acid hydrolysis + lactic acid were 
determined. 

2. The respiratory quotients found averaged 1.0 and the oxygen uptake 
was high, indicating an active oxidation of substrate presumably of carbo- 
hydrate nature. However, the decrease of carbohydrate as measured by 
a “limited” carbohydrate balance represented by the sum of fermentable 
reducing substances after acid hydrolysis + lactic acid accounted for none 
or only a small part (average 18 per cent) of thetotal oxygen uptake. The 
substrate being oxidized if it is carbohydrate or a derivative, as the high 
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R.Q. would appear to indicate, would range from 6 to 28 micromoles per 
gm. .averaging 15 micromoles per gm. (as hexose) in various types of muscle 
preparations. 

3. Fat oxidation was excluded by the value of the respiratory quotient, 

!. Ketone bodies as substrate were also excluded by analysis. 

5. No evidence was found for active protein metabolism, since the am- 
monia content remained unchanged during equilibration. 

6. Search for an acid with pk 4.0 as a possible substrate was unsuccessful. 

7. The possibility that phosphorylated hexoses are the sole or main 
substrates in such muscle preparations is discussed. 

8. The nature of the substrate being oxidized in these muscle prepara- 


tions remains undetermined. 
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The monolayer properties of a number of long chain carboxylic acids 
with methyl side chains have been investigated previously (1-3). The 
acids so far examined contained from 14 to 20 carbon atoms and gave ex- 
panded monolayers which could not be condensed by compression, even 
at low temperatures. The smallest stable area per molecule to which 
these monolayers could be compressed before collapse set in was 27 to 30 
sq. A. It was pointed out (2) that this area did not represent the extra 
space required by the methyl side groups but rather represented the small- 
est area possible for a long chain in the liquid state. Dervichian (4) has 
discussed the different states of monolayers and pointed out that a normal 
(straight) chain in the liquid state occupies a minimum area of 27 to 30 
sq. A. 

One of the objects of this series of papers was to explore the possibilities 
of the monolayer technique for the identification and the determination of 
the structure of branched chain compounds isolated from natural sources 
and it was therefore considered important to study the surface behavior of 
long chain compounds with methyl side chains having molecular weights 
high enough to give condensed monolayers. The smallest area to which 
such monolayers can be compressed before collapse minus the cross-section 
of the long unsubstituted (normal) hydrocarbon chain (18.5 to 20 sq. 
A.) may be taken as representing the apparent cross-section of the methyl] 
side chain (or chains). 

Certain fairly large groups, such as oxygen atoms, may be included in 
the crystal lattice of long hydrocarbon chains without appreciable dis- 
turbance to the lattice. Actually the dipole introduced in the lattice in- 
creases the stability, and isomeric straight chain ketones all have higher 
melting points than the corresponding hydrocarbons (5). On the other 
hand, a methyl group cannot be included without great disturbance and 
long chain compounds with methyl side chains (and, as is well known, in 
general branched chain compounds) all have lower melting points than the 
isomeric normal chain compounds. 
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The degree of disturbance depends in large part on the position of the 
methyl group along the chain. In the case of carboxylic acids, as judged 
from the melting points, the disturbance is least when the methyl group is 
removed as far as possible from the carboxy! group (the iso acids) and most 
pronounced when the side group is in a position about half way up the chain. 
A methyl group in the a position (position 2)' has an intermediate effect. 
No complete series of isomers with the methyl side chain in every possible 
position along the chain has vet been synthesized, but the effect is shown 
clearly, for instance, in the series of octadecanoic acids, in which the normal 
chain isomer (stearic acid) melts at 69.4° (6), 2-methylheptadecanoic (a- 
methylmargaric) acid at 34-35° (7), and 16-methylheptadecanoic (iso- 
stearic) acid at 67.6-68.2° (8). 

The 10-methyl-substituted Cs; and C2; acids dealt with in the present 
work have considerably lower melting points than their 2-substituted iso- 
mers 

The acids and esters used were those synthesized by Schneider and 
Spielman (9) and Stenhagen and Tagtstrém (10). Professor R. J. Ander- 
son kindly supplied samples of the acids prepared by the former authors. 


EXPERIMENTAL 


The technique has been described previously (1, 3), but has recently 
been improved in certain respects. A double walled thermostat is now 
used and water from a tank equipped with a heating and cooling svstem 
circulated between the walls of the thermostat and through a serpent-like 
glass tube in the trough. With this arrangement, the temperature of the 
trough and the surrounding air could be kept at any desired temperature 
between 1.5-55°, within 0.1°. The trough had the inside dimensions of 
15 & 52 & 1.5 em. deep and was made by sand-blasting from plate glass 
25 mm. thick The inner edges were straight and accuratelv parallel. 
The substances were weighed on a Kuhlmann micro chemical balance. 
Petroleum ether (b.p. 70-80°) was used as solvent and the spreading was 
effected by means of an Agla micrometer syringe. For stable monolavers 
the reproducibility of the force-area measurements was of the order of 
of 0.5 per cent, and the results are probably accurate within | per cent. 

2.Methyl-Substituted Acids—The 2-methyl-substituted acids with 21, 
25, and 27 carbon atoms (2-methyleicosanoic acid, m.p. 61.7-62.0° (10); | 
2-methvltetracosanoic acid, m.p. 72-73° (9), 71.7-72.0° (10); and 2- 
methvlhexacosanoic acid m.p. 75-76° (9) respectively) all form meso- 
morphous (liquid-condensed) monolayers in the undissociated state when 
spread on 0.01 N hydrochloric acid at 20° (Fig. | {s the number of 


1 The carboxyl is numbered 1. 
? The trough was made by R. F. Cleve and ¢ ompany, Stockholm. 








STALLBERG-STENHAGEN AND STENHAGEN 687 


carbon atoms increases, the limiting area gets slightly smaller, but even 
for the C2; member it is considerably larger than for normal chain acids 
(compare the curve for n-eicosanoic acid in Fig. 1). The form of the force- 
area curves is also quite different from those of normal chain acids, the 
compressibility at medium pressures (5 to 20 dynes) being smaller. At 
pressures above 20 dynes the monolayers are unstable. The surface 
potential is about 400 millivolts; 7.e., about the same as that of undissoci- 
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Fic. 1. Force-area, surface potential-area, and apparent surface moment- 
area curves for 2-methyleicosanoic acid (C2,H4gO:2), 2-methyltetracosanoic acid 
(CesHs0O2), and 2-methylhexacosanoic acid (C27Hs,02) spread on 0.01 n HCl at 20°. 
The corresponding curves for n-eicosanoic acid (C2oH4oO,) (left) are also shown. 


ated normal chain acids in the condensed form. The potential appears to 
decrease somewhat as the number of carbon atoms is increased. The 
reproducibility of the surface potential measurements was within 5 to 10 
millivolts for the Cos and C2; member but was not so good for the C2; acid, 
variations of up to 25 millivolts being obtained in different runs. The 
apparent surface moments are around 300 millidebyes, and are slightly 
larger than those of the expanded monolayers of the 2-methyl-substituted 
acids with 15 and 17 carbon atoms studied previously (1), the surface 
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moments of which were around 240 millidebyes. The different specimens 
of the C25 acids prepared by Schneider and Spielman (9) and Stenhagen 
gave identical results. ‘The thermal expansion of 
There is a slight increase of the area 


and Tigtstrém (10 
the three acids is shown in Fig. 2. 
at 1.5 dynes pressure (this area is better defined than the limiting area) 
with temperature, and this increase is more marked for the Cy acid than 
for the two highest members, but even the former acid is condensed at 
the highest temperature investigated. 





40 | SS T 5 eines 
} 
27 | 
| 
zp — < ——— a | 
> = =z ——— > ”> | 
<> ——— “/ 
2 ae 
> 
> a~ methy 
« 
» 
| 
- 9 4) ee — - 
au 
a 
_ 
> 
i . 
Fa 
) 
. 
rs . 
= j 
4 2 ” 
@ j 
z j 
Q 
~ zy p 
?) - 
x g 
© - 4/9 " 
© U MES. y! 
“ 
20 —---———- EE a ee 1 1 
n rs on 9 an 24 N 6 
U Y 10 f aU 25 YY Jd #U wy 


Temperature °C 


Fic. 2. Thermal expansion at 1.5 dynes pressure. Upper curves, 2-methyl- 
substituted acids; lower curves, 10-methyl-substituted acids. Substrate, 0.01 n 
HCl. 


On neutral and alkaline substrates all three acids behaved similarly. 
The results for the C.; acid are shown in Fig. 3 


(curves marked P in Fig. 3) of pH 7.2 (Sérensen buffer (cf. (11)) diluted 10 


(on the phosphate buffer 


irea curve is slightly expanded compared with that on 
BaCl 3 KX 105 mum, KHCO; 
On the 


times) the force-: 
0.01 n HCl. 
: xt eo 
alkaline substrate (0.01 

Ethyl Esters of 2-Methyl-Substituted Acids 
m.p 22.4° (10)) and ethyl 2-methyltetracosanoate (m.p 


10)) gave the results shown in Fig. 4. 


Ba in a neutral substrate 


causes a more pronounced general contraction 
“ NaOH) the monolayer is gaseous. 

Ethyl 2-methyleicosanoate 
10.6—40.9° 


The lower ester forms at 10° a 


22.1 


99) 


mesomorphous monolaver with a limiting area of 22.5 sq Z, \t 6.5 dynes 





it 























T T T T T T T 
} 
— 
25 4 
4 | 
A | 
20 3 = 
{ ' . 
: ‘ \ 
\ . + ° | 
E 4} \ : | 
i t \ 71 
« } 
> | 
- \ i 
“ ’ > y 
e | \ 
10 ~ | 
j 7 \ \ & s 7 
" \ aH | 
Nady \ A } 
s $ . Ys 
\ . Nee, 
& AL ’ A ® ~~ 
k te x Be ™ i. 
~ 7 ~~ 4 
‘ i 8a x “ x | 
u at ~ me 
’' , ~ es, 
Le ~~ 4 oe ae | 
es a a > 
+ 2 - ——EE SS 
~ 3 % 626 «2 32 OG CSB WO 
e bk MOI « 9 - 
Foree-area curves for 2 methyleicosanoic acid CHO) (left) and 10- 
eosanoie acid (CesHs002) (right) spread on different substrates (see the 
4 2nn 
° 4 . 
As 
, ba| 
1 " “. WW 
> . a 
: ‘ mn DX OU 
* 9 F 
y a 
' : ? 8 5 
A +* aA S —< 
a 4 = = 
\ - = 
as \\ = = 
4 , 200- 500 
od 4 
\ \ \ 
4 4% 
: ‘ 
4 & 
ol | so’ 
; , Als {Ow 
. ae NN 
4 , 90 0 , 100 400 
= aah,” | a | 
e & | » 
, . ™ > . 
. " = ~~ * ‘ ‘\ | 
. _* ~ _ ~ “e_ a | 
T 42 — T ae ~T ’ 300 
1§ 4 2 20 22 % 26 20 22 % 2% 
. 


A 


Area per molecule sg A 


Fic. 4. Foree-area curves for ethyl behenate (CogHasO2) (left), ethyl 2-methyl 


eicosanoate 


CosH Or 


(middle), and ethyl 2-methyl 


right) spread on 0.01 n HC! at different temperatures. 


apparent 


moment 


-area curves at 20°. 
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tetracosanoate (Ce7HsO2) 
Surface potential-area and 








690 MONOLAYERS. VI 


pressure there is a change in the slope of the force-area curve and the 
monolayer is very incompressible above this point but becomes unstable 
above 10 dynes pressure. At 20°, which is just below the three-dimensional 
melting point, the monolayer is gaseous at low pressures. The higher 
homologue forms mesomorphous monolayers at the two lowest tempera- 
tures investigated, the limiting area at 20° being the same, 22.5 sq. A., as 
that of the lower ester at 10°. The monolayer is more stable, however, 
and the change in slope takes place at 15 dynes. At 40° (near the melting 
point), the monolayer is somewhat expanded and probably liquid. Neither 
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Fic. 5. Force-area curves for 10-methyltetracosanoic acid (CysHs002) spread on 
0.01 n HC! at different temperatures. 


ester collapses until the area is reduced to 19.1-19.3 sq. A., a remarkably 
small area, as it is only slightly larger than the smallest area obtained for 
the normal chain ester, ethyl behenate, which is also shown in Fig. 4 for 
comparison. The surface potentials and the surface moments are much 
higher for the 2-methyl-substituted esters than for the normal ester. 
10-Methyl-Substituted Acids—10-Methyltetracosanoic acid (m.p. 51° (9)) 
forms on 0.01 N HCI atypical liquid-expanded monolayer (Fig. 5) with a tem- 
perature of half expansion at 1.5 dynes pressure of 13.5°. This temperature 
of half expansion is slightly lower than that of myristie acid (19.5°) which 
has 11 carbon atoms less. <A single methyl side group in this position at 
about the middle of the chain thus neutralizes the condensing effect of no 
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less than 11 carbon atoms. The higher homologue 10-methylhexacosanoic 
acid (m.p. 54-55° (9)) is condensed at 20° and has a temperature of half 
expansion of 27° (Fig. 6). The addition of 2 carbon atoms increases the 
temperature of half expansion by 13.5°. This may be compared with the 
difference in half expansion temperatures between the normal chain Cj 
and C» acids, which is 13° (Cy is the highest normal chain acid investi- 
gated; temperature of half expansion 72.5° (12)). The behavior of the 
C.5 acid on different substrates is shown in Fig. 3. The monolayers are 
expanded, and barium ions in the substrate have a comparatively small 
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Fic. 6. Foree-area, surface potential-area, and apparent surface moment-area 
curves for 10-methyltetracosanoic acid (C2s;H;002) and 10-methylhexacosanoic acid 
(Co7H5402) spread on 0.01 n HCI at 20 
condensing effect. 10-Methyvlhexacosanoic acid when spread on neutral 
and alkaline substrates behaves in the same way as 2-methyleicosanoic 
acid shown in Fig. 3. The surface moments (Fig. 6) are not very different 
from those of normal chain acids having the same number of carbon atoms. 

Multilayers—Multilayers of the 2-methyl-substituted acids were built 
on chromium surfaces from a substrate containing 3 X 10-5 m BaClk and 
i X 10°4 m KHCO; at 20°, by the technique of Blodgett and Langmuir 
(13, 14). Y-Deposition (deposition both on the down and up journey 
of the metal surface) occurred when castor oil (spreading pressure 16 dynes) 
As the monolayers are fairly compressible, different 
The long crystal 


was used as piston. 
pistons give different optical thicknesses per layer (15). 
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spacings as determined by x-rays (nickel-filtered Cu K, radiation, cf. (3)) 
were found to be 40.5, 51.0, and 56.0 A. for the Ca, Cos, and Cos; acids 
respectively. A comparison with the values obtained for multilayers of 
the normal chain Coo, Ca, and Cx acids built from the same substrate, 
56.3, 66.0, and 70.8 A., respectively, which crystallize with vertical chains, 
shows that the long chains in the case of the branched acids are tilted. 
When plotted against the number of carbon atoms in the long chain, the 
spacings for these acids do not fall on a single line and it appears therefore 
that the degree of tilt for the barium salts of 2-methyl-substituted acids 
is different for different chain lengths. A more complete series of 2-methyl- 
substituted acids must be investigated, however, before this question can 
be settled. 

10-Methyltetradecanoic acid formed an expanded monolayer on the 
substrate used at 20° and multilayers were not obtained. At 5° it was 
possible to build multilayers, but these were not optically uniform. 10- 
Methylhexadecanoic acid also gave results inferior to those of the 2- 
methvl-substituted acids. The multilayer of the barium salt of the 10- 
methyltetracosanoic acid gave a long x-ray spacing of 45.7 A., while the 
higher homologue gave a complicated diffraction pattern showing at least 
two sets of spacings. In both cases the chains are tilted. In general, the 
branched compounds gave rather poor x-ray diffraction patterns showing 
few lines. From the 2-methyl C2 compound only a very poor photograph 
showing two lines could be obtained after prolonged exposure. The ac- 
curacy of the spacings recorded is accordingly low (about +1 A. 

The multilaver experiments with the ethy! esters of 2-methvl-substituted 
acids gave only very poor results, as also the attempts to build multilayers 
of the free acids from acid substrates. 


DISCUSSION 


The results show that the presence of a methyl side chain in a long 
cham carboxylic acid has a pronounced effect, and that the force-area 
curves for the condensed monolayers are quite different from those given 
by normal chain acids. The apparent cross-section of the methyl side 
group, defined as stated in the introduction, depends somewhat on the 
number of carbon atoms in the molecule and on the position of the methyl 
group. The smallest areas to which the Cs; 2-methyl- and 10-methyl- 
substituted acids can be compressed before collapse are about 25 and 24 Sq. 
\. respectively. It is possible that the iso acid with the same number of 
carbon atoms would give still smaller areas.’ The extra space required 
by the methy! groups in the acids dealt with above is about 6 and 5 sq. A. 
respectively. In the ethyl esters of the 2-methyl-substituted series the 


Preparation of some long chain iso acids is planned in this laboratory 
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methyl side chains can evidently be tucked away between the chains much 
better than in the acids, as the smallest stable area is 19.1 to 19.2 sq. A. 

The ester crystallizes in the three-dimensional state with vertical mole- 
cules and if we make the assumption that the strong side spacings of 3.76 
and 4.59 A. obtained in the x-ray investigation (10) have the same indices, 
200 and 110 respectively, as in the normal (A) form of long chain hydro- 
carbons (16) (it has not vet been possible to obtain single crystals of these 
esters and the indices of the x-ray reflections are uncertain), the calculated 
cross-section of the ethyl ester of the Cys acid is 19.1 sq. A., or exactly the 
same as the cross-section obtained from surface data. The extra space 
required by the methyl group in this case is only 0.6 to 0.7 sq. A. The 
ease with which a methy! side chain can be accommodated thus in the case 
of 2-methyl compounds appears to depend on the nature of the polar group. 
It is probable that any marked difference does not exist for the 10-methyl 
compounds but owing to lack of material it has not been possible to investi- 
gate any such esters. 

A methyl group in position 10 has very little effect on the surface mo- 
ments. In the 2-substituted acids the effect is larger in the condensed 
than in the expanded monolayers. For the latter the moments are only 
slightly higher than for normal chain acids. On the other hand, the 
effect of substitution on the apparent surface moment is very pronounced 
in the 2-substituted esters, which have much higher moments than normal 


chain esters. 


Grants from the Rockefeller Foundation and from the Swedish National 
Association against Tuberculosis are gratefully acknowledged. 


SUMMARY 


The monolayer properties of a number of long chain carboxylic acids and 
esters with methyl side groups in positions 2 and 10 with respect to the 
polar group have been studied. The methyl side chain makes the con- 
densed monolayers occupy an area 4 to 6 sq. A. larger at the point of col- 
lapse than normal chain acids, while the difference in the case of 2-methyl- 
substituted ethyl esters compared with normal chain esters is only 0.6 to 
0.7 sq. A. The force-area curves for the branched acids are of a different 
type than those for normal chain acids. A methyl side chain in the 
middle of the chain makes the monolayer expanded at room temperature 
even if the acid contains as many as 25 carbon atoms, but has practically 
no effect on the surface moment. A methyl group on the carbon atom 
next to the polar group is less effective in causing expansion but increases 
the surface moment of the acids compared with normal chain acids. The 
latter effect is still more pronounced for the ethyl esters of 2-methyl- 


substituted acids. 
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X-RAY STUDY OF THE HYDROCARBON FROM PHTHIOCEROL 
By EINAR STENHAGEN 
(From the Institute of Medical Chemistry, University of Upsala, Upsala, Sweden) 


(Received for publication, April 6, 1943) 


The monolayer study of the wax alcohol phthiocerol (1) from the tubercle 
bacillus wax (2) suggested that the molecule had a long and _ possibly 
straight chain; in any case, side chains longer than methyl seemed un- 
likely. It was suggested (1) that an x-ray study of the hydrocarbon derived 
from phthiocerol by reduction might give some clue to the nature of the 
chain. Thanks to the courtesy of Professor Anderson, it has now been 
possible to carry out such an investigation. The formula CyH7 gives 
the best agreement with analysis of the hydrocarbon (2) but the melting 
point, 58.5-59.5°, is lower than that of normal tetratriacontane, which is 
72.6-72.8° (3). As mixtures of normal hydrocarbons of high molecular 
weight have melting points between those of the components (3), the 
low melting point cannot be explained on the assumption that the hydro- 
carbon is a mixture of normal chain homologues. The low melting point 
may be due to a branched chain or to the presence of some difficultly 
removable impurity. 

The x-ray investigation was carried out as follows: A thin layer of the 
substance (the specimen received had the appearance of a white powder) 
was melted onto a small glass slide by means of the hot wire technique of 
Bernal and Crowfoot (4) and examined in the usual manner (3), with 
nickel-filtered Cu A radiation. The diffraction pattern showed a single 
order of a long spacing of 44 + 1.5 A. and two st rong side spacings of 3.72 
and 4.14 A. respectively. The side spacings obtained are within the ex- 
perimental error (0.03 A.) identical with those given by the normal ortho- 
rhombic (A) form of normal long chain hydrocarbons (5, 6). Bunn (6) 
gives the spacings of the (200) and (110) planes for very long chain hydro- 
carbons as 3.696 and 4.106 A. respectively. The fact that only a single 
order of the long (001) spacing appears shows that the material is impure." 
As pure, saturated normal hydrocarbons do not darken when treated with 
concentrated sulfuric acid at 130° and such treatment is an effective way 
of purifying normal hydrocarbons (3), the compound was subjected to this 
treatment. Considerable darkening occurred, however, and with the small 
amount available (12 mg.) it was not possible to recover any purified 
material. It is thus evident that unsaturated or non-hydrocarbon im- 

1 In submitting the specimen Professor Anderson stated that he was not quite sure 


about the purity of the hydrocarbon. 
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purities are present to some extent. The long spacing of 44 + 1.5 A. cor- 
responds to the length of a straight hydrocarbon chain having 32 to 34 
carbon atoms (3). Asa branched chain hydrocarbon would probably give 
larger side spacings than those observed and the hydrocarbon from phthio- 
cerol probably has 34 carbon atoms (2), the results suggest that the latter 
consists of impure n-tetratriacontane (or possibly a mixture of close homo- 
logues with a mean molecular weight corresponding to n-C3,H7). 

In order to carry out a direct comparison with n-tetratriacontane, a 
specimen of this hydrocarbon was prepared in this laboratory by Miss Gun 
Gustbée by electrolyzing an alcoholic solution of sodium stearate (7). 
The hydrocarbon was purified by treatment with sulfuric acid as above, 
followed by crystallization from ethyl ether. Piper and his collaborators 
(3) found that n-tetratriacontane on heating shows two transitions at 
69.2-69.4° and 72.2°, respectively, and melts at 72.6-72.8°. The hydro- 
carbon crystallizes in two different crystalline modifications, one (A) with 
vertical and the other (C) with tilted chains. On crystallization from 
solvents the C form is obtained. On heating, this form changes into A 
just below the melting point, and on cooling the A form remains. An x-ray 
specimen prepared by means of the hot wire technique is therefore in the 
A form with vertical chains, which is convenient for comparison with the 
impure compound which evidently has vertical molecules. The stearic 
acid (Kahlbaum) used for the synthesis was not specially purified and 
our synthetic n-CyH-7 will therefore contain 1 to 2 per cent of n-CyoHee 
and n-C3oHe, owing to the palmitic acid present (8), but this will affect 
the melting point and the long spacing to a degree negligible for the present 
purpose (3). The specimen melted at 72.0-72.8° and the diffraction 
pattern showed seven or eight clear orders of a long spacing of 45.2 + 0.5 A. 
and two strong side spacings of 3.71 and 4.13 A. respectively. The lengths 
of the a and b axes calculated from the side spacings are 7.42 and 4.96 A. 
respectively. The corresponding values given by Miller (5) for n-CyH,; 
at room temperature are 7.40 and 4.95 A. Piper et al. (3) give the long 
spacing of the A form as 45.5 A. A direct comparison with the hvdro- 
carbon from phthiocerol was carried out by preparing thin lavers of both 
compounds, one alongside the other, on the same glass slide by means of 
the hot wire technique. On the photographic film the diffraction pattern 
of the svnthetie specimen appeared just above that of the other. The 
first order of the long spacing of the synthetic hydrocarbon was found 
to coincide (within 0.5 A.) with the single order of the long spacing of the 
hydrocarbon from phthiocerol and the side spacings were identical. ‘The 
x-ray results thus suggest that the parent hydrocarbon of phthiocerol is 
a normal chain hydrocarbon, probably n-tetratriacontane. These results 


are in agreement with the conclusions arrived at during the monolayer 
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study (1) and, if correct, decide between the two alternative formulas 
for phthiocerol itself put forward by Stodola and Anderson (2), 1.e. 
CysHe9(OH)2OCHs or C34H¢7(OH)2,OCHs, in favor of the latter. 


I am indebted to Mr. W. Kirsten for taking the x-ray photographs and 
to the Rockefeller Foundation and the Swedish National Association 
against Tuberculosis for financial help. 
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SOME EFFECTS OF THE INTRAVENOUS INJECTION OF CORN 
GLYCOGEN INTO RABBITS* 


By DANIEL LUZON MORRIS 


(From the Putney School, Putney, Vermont) 
(Received for publication, March 2, 1943) 


Although glycogen has long been recognized as the chief form in which 
carbohydrates are stored in the animal body, it has been chemically a 
comparative rarity. Despite its importance and almost universal oc- 
currence, relatively few physiological experiments with the substance 
itself have been recorded, and the simple consideration of price has pre- 
vented any possibility of its clinical use. Recently a polysaccharide has 
been isolated from sweet corn (Zea mays), the properties of which seem to 
agree throughout with those of animal glycogen (1,2). The concentration 
of the material in corn is high, being of the order of one-eighth of the dry 
weight of the grain, and it is rather easily obtainable in a high state of 
purity, possibly more nearly nitrogen-free than animal glycogen can be 
prepared (3). Physiological investigation of this material seemed urgently 
indicated, with the practical possibility of clinical use in mind. 

Glycogen has certain properties unique among chemical compounds. 
Like starch and cellulose, it has a high molecular weight; recent estimates 
are in the neighborhood of 2 million. But, unlike these polysaccharides, 
it is highly soluble in water, and shows no tendency to precipitate or ‘‘retro- 
grade” with time. The molecule is composed of nothing but glucose units, 
linked in the a configuration, and is readily broken down, at least to half 
its original size (4), by the diastases which are present in nearly every living 
cell. The immediate breakdown products are dextrins, maltose, and glu- 
cose, and the dextrins and maltose may be further degraded to glucose. 

These properties make it desirable to consider the possibility of injecting 
glycogen directly into the blood stream. The molecule is so large that 
diffusion of the unchanged substance through the walls of the blood vessels 
would be slow. There is an active diastase in blood, which will break 
down glycogen more or less rapidly to set free glucose. And finally, gly- 
cogen as a physiological constituent of the body is presumably non-toxic. 
In any case it has been claimed to be present in small amounts in normal 
blood (e.g. (5)), though some workers have doubted that the polysac- 
charide in blood is actually glycogen (6). 

Staub and his coworkers have conducted extensive studies both on 
normal blood glycogen levels and on the effects of intravenously injected 


* Aided by a grant from Mead Johnson and Company. 
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glycogen. They have reported that glycogen is quickly destroyed by 
blood both in vitro and in vivo. The quantitative results of some of their 
experiments seem open to question, since it appears that their only pre- 
caution against errors due to changes in the composition of blood-glycogen 
mixtures was to allow definite time intervals between the collection of blood 
and its analysis (7). Staub, Mezey, and Golandas (8), reporting on blood 
sugar effects from two experiments on rabbits, found a large increase 3 
minutes after glycogen injection, followed by a gradual decline. Blood 
sugar effects in dogs were not studied beyond the first half hour. The 
principal interest of these workers was in the histological effects in the 
blood; they reported a drop in white cell count within 3 minutes to values 
of the order of 1000, with virtual disappearance of granulocytes, followed 
by a rise to normal after a few hours. They believe that the white cells 
adsorb or ingest the injected glycogen, and then stick for a time in the 
capillaries of the lungs. They report no toxic effects whatever in rabbits 
or dogs. Mann (9) has studied the effect of intravenous glycogen in hepa- 
tectomized dogs, and found that its effect on the blood sugar is the same 
as that of glucose. This fits in well with the fact that the blood diastase 
value in dogs is very high indeed, though obviously the hepatectomy may 
have affected this. 

The present work is concerned with blood sugar and blood glycogen 
levels after addition of corn glycogen to blood both in vitro and in vivo. 


EXPERIMENTAL 


Preparation of Glycogen—-The glycogen was prepared from Golden 
Bantam sweet corn by essentially the same methods described earlier (1) 
It was purified by treatment with hot 40 per cent sodium hydroxide. 

Methods for Determination of Blood Sugar and Blood (rlycoge n—In the 
course of the work a number of blood sugar methods have been used. 
That used first was Folin’s micro colorimetric method based on ferricvanide 
reduction (10); later, copper reduction methods were used, with the Shaffer- 
Somogyi reagents. For the latter the blood has been deproteinized with 
zine hydroxide (11) or copper sulfate and sodium tungstate (12). In cases 
in which the different methods were compared, little essential difference 
in the results was observed. The Folin method gave values about 13 mg. 
per cent higher than those obtained by copper reduction after deproteini- 
zation with zine. Deproteinization with copper and tungstate gave values 
5 to 7 mg. per cent higher than those found when zine was used. 

The most satisfactory method for the determination of blood glycogen 
was the following. 0.5 ee. ot hlood is added to 2 ec. of 30 per cent potas- 
sium hydroxide solution in a 15 ec. centrifuge tube, and immediately 


+ 


mixed. The alkali prevents enzyme action, and it is not necessary to 
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proceed with the next steps at once if not convenient. The tube is covered 
with a glass bulb or marble and placed in boiling water for 20 minutes, 
being shaken once after 5 minutes. After it has been cooled, 0.2 cc. of 10 
per cent potassium sulfate solution is added, followed by 3.2 ec. of alcohol. 
The contents of the tube are mixed with a thin glass rod, cautiously heated 
in boiling water until the alcohol begins to boil, and cooled. The mixture 
is then centrifuged for 5 to 10 minutes. This precipitates the glycogen 
together with some potassium sulfate and protein decomposition products. 
The supernatant solution is poured off, the tube drained, and the precipitate 
dissolved in 1.5 ec. of hot water. The mixture is neutralized with 1 or 2 
drops of 2 N sulfuric acid (a flocculent precipitate appears when the solution 
is neutral) and an equal volume (1.7 cc.) of 2 N sulfuric acid is then added. 
The tube is again covered and heated at 100° for 2.5 to 3 hours in order to 
hydrolyze the glycogen. The solution is neutralized to phenol red with 
| N sodium hydroxide, made to 10 or 25 cc., and filtered. Glucose is deter- 
mined in appropriate aliquots. The method is essentially that of Blather- 
wick et al. (13), with a modification based on a suggestion of Genkin (14). 
The Blatherwick method alone tended to give erratic results, sometimes 
very low, whereas the Russian method required an excessive length of 
time in the centrifuge to precipitate all the glycogen. 

Glycogen and Blood in Vitro—Preliminary experiments showed that 
blood-glycogen mixtures change composition rapidly, and experiments were 
accordingly carried out to determine the effect of temperature on these 
changes. 1 volume of 10 per cent glycogen solution was added to 10 vol- 
umes of oxalated blood that had been brought to the selected temperature 
inathermostat. Samples were withdrawn from time to time for the deter- 
mination of sugar and of glycogen. The temperatures used were 0-1° 

ice water), 25°, and 40°. For the determinations at 40° sufficient sodium 
fluoride was added to the original saline solution to make the concentration 
in the reaction mixture about 0.03 per cent. Controls showed that this 
prevented the destruction of blood sugar. Typical results of these experi- 
ments are given in Table I. It is clear that the destruction of glycogen is 
very rapid at 40°, but is still considerable even at 0°. The sugar increase is 
small compared to the glycogen decrease in all cases, and at 0° is negligible 
over a 30 minute period. 

Blood Sugar after Intravenous Glycogen Injection—A 20 per cent solution 
of glycogen in physiological saline solution was prepared, filtered, and 
sterilized by being heated at 100° for 30 minutes; 15 cc. of this solution 
were injected into the marginal ear vein of a fasting rabbit weighing 5 to 
(6 kilos (5 ec. in the case of two animals weighing 2 kilos). The injection 
could be completed in about 3 minutes, with the use of a No. 22 needle. 
Time was measured from the end of the injection. At intervals blood 
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from a cut in the marginal vein of the other ear was allowed to fall onto 
dry sodium oxalate in a test-tube immersed in ice water. As quickly as 
possible 0.5 ec. of this blood was transferred to potassium hydroxide 
solution for glycogen determination, and 1 cc. to the reagents for sugar 
determination. When the copper-tungstate reagents were used for de- 
proteinization, the blood was laked in ice-cold water before the addition of 
copper sulfate; in the other cases the mixtures were so dilute or so highly 
acid that this precaution was considered unnecessary. 

Blood samples were usually taken at 20 to 30 minute intervals for the 
first hour or so, and then at 45 to 60 minute intervals. The blood sugar re- 
sults from fourteen experiments with six rabbits are shown in Figs. 1 and 2. 


TABLE [| 
Changes in Sugar and Glycoge n Content of Blood afler Addition of 1 Volume of 10 Per 
Cent Glycogen to 10 Volumes of Blood in Vitro at Temperatures Indicated 


>< 





0 
Time 

Sugar* Glycogen Sugar® Glycogen Sugar* Glycogen 

min meg. per cent me. per ce meg. per ceni mg. per me. per cent mg. per 
2 116 9.17 100 8.27 12] 8.10 
5 117 SSO 106 7.80 140 4.02 
10 115 7.15 159 6.40 
15 123 6.82 192 5.53 
20 129 6.66 210 4.75 
25 120 S.45 137 6.53 230 t. 24 
30 12] 8.15 146 6.49 240 3.99 


* Calculated as glucose. 


The broken line shows the fasting level in each case, for convenient com- 
parison. It will be seen that in all but two cases the blood sugar remained 
above the fasting level for more than 3 hours, and in most cases for 5 o1 
more. It appears that in the Ist hour there is a rapid, but not instantane- 
ous, rise which reaches a rounded maximum at 15 to 40 minutes, followed by 
a rather rapid fall which ends at about the 2nd hour, and a more gradual 
and irregular fall subsequently. The maximum is from 30 to 60 mg. per 
cent above the fasting level. The curves are varied in shape, and no 
constancy was observed in results from the same animal at different times. 

Not shown here are the results of seven other experiments. ‘Two early 
experiments are omitted because of insufficient data, and poorly developed 
technique. ‘Two others were essentially normal except that the ‘‘fasting”’ 
level was above 130 mg. per cent at the start of the experiment. Three, 
on one rabbit (No. 1), were discarded because the blood picture was no 
longer normal; the fasting sugar was high (120 to 140 mg. per cent) and 
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injected glucose was not eliminated at the normal rate (see a later section 
of this paper). After injection of glycogen in this animal the first rise 


in blood sugar was normal, but after the start of the decline there was a 
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Fic. 1. Blood sugar after glycogen injection. In Figs. 1 and 2 all the rabbits were 
males weighing 5 to 6 kilos except those in Experiments 13 and 14, which were females 
Blood sugar was determined by Folin’s method in Experiments 1, 
The ordinate scales represent mg. of 
The base-line is 60 mg. per cent 
The broken line shows the 


weighing 2 kilos. 
2,3, 4, and 6; by Somogyi’s method in the rest. 
sugar per 100 cc.; the abscissa scales, time in hours. 
in Experiments 4 and 8; 80 mg. per cent in the others. 
fasting level. 


sudden increase to values of 200 mg. per cent or higher, with a very slow 
decrease. 

Blood Glycogen after Glycogen Injection—Blood glycogen was determined 
in nine experiments. The results, as given in Table II for two typical 


rabbits, were much more consistent than were the blood sugar curves. 
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Fic. 2. Blood sugar after glycogen injection. See Fig. 1 for the explanation 


TaBLeE II 


Glycogen Content of Blood after about 3 Gm. of Glycogen Are Injected Intravenously into 
Two 6 to 6 Kilo Rabbits 


Time Glycogen 
min me. per cc mg. per cc. | 
10 5.60 4.85 
30 3.60 2.60 | 
60 1.05 0.57 
90 0.20 0.22 
120 0.13 0.17 


Normal blood glycogen levels were reached after 1.5 to 2 hours. The ex- 
ceptions were the two experiments with 2 kilo rabbits, in w hich the glycogen 


EE 


reached normal levels at the end of 1 hour. 
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Disappearance of Intravenously Injected Glucose—Glucose was injected 
as a 20 per cent solution in saline, in order to compare its action with that 
of glycogen. Usually 2 gm. were used in the large rabbits. Typical blood 
sugar data are given in Table III. The glucose almost invariably dis- 
appeared in about 2 hours, and the sugar level then dropped a trifle below 
the original fasting level. A curve of the type given by these data, and a 
blood diastase level of 250 to 400 on Somogyi’s scale (15), were taken as 
criteria of a normal blood picture. 


TABLE III 


Glucose Content of Blood after Intravenous Injection of 2 Gm. of Glucose in 
Two & to 6 Kilo Rabbits 








Time Glucose 

Ars. mg. per cent mg. per cent 
Fasting | 104 | 86 

0.2 264 196 

l 158 137 

2 112 86 

3 89 78 

4 87 








DISCUSSION 

The fact that blood sugar in rabbits remains somewhat above normal 
for a considerable time after all the injected glyeogen has disappeared 
permits of two interpretations. First, it is conceivable that some of the 
breakdown products of the glycogen leave the blood stream and are stored 
somewhere in the organism, possibly as glycogen, which is again mobilized 
later on. However, it seems unlikely that stores of this sort would be 
more effective in maintaining high blood sugar than are the normal stores. 
A second interpretation gains support from the experiments in vitro. At 
10° about 25 per cent of the glycogen destroyed was converted to sugar, at 
25° the conversion came to only about 10 per cent, and at 0° to about 5 
per cent. It can therefore be inferred that there are two separate reac- 
tions, glycogen destruction and sugar formation, with different tempera- 
ture coefficients. This would make it seem likely that in the living 
animal an alkali-labile dextrin (therefore not determinable with the glyco- 
gen) is formed in the blood and is rather slowly broken down to form sugar 
long after the glycogen itself has disappeared. 

The results of the experiments reported here give encouragement to 
the idea that intravenous glycogen may be clinically useful. Blood diastase 
levels in humans are lower than those in rabbits, and it is therefore likely 
that the glycogen will be more slowly broken down, that the first peak in 
the blood sugar curve will be less pronounced, and that the blood sugar 
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elevation will be more prolonged. It is thus possible that in cases of hypo- 
glycemia due to shock or other causes it may be practicable to use a large 
injection of glycogen at an emergency station when the more usual slow 
glucose injection would be impracticable owing to lack of time or space. 


SUMMARY 
The injection of corn glycogen intravenously in fasting rabbits results 
in an elevation of the blood sugar for a period of 5 hours or more in most 
eases. The glycogen itself is destroyed within 2 hours. 
It is suggested that a dextrin is formed in the blood as an intermediate 
which is slowly broken down to form sugar. 
The possibility of clinical use of corn glycogen is considered. 
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THE DETERMINATION OF FLAVONES OR QUERCETIN-LIKE 
SUBSTANCES IN CERTAIN NATURALLY OCCURRING 
PRODUCTS 


By LeROY 8. WEATHERBY anp AMBER L. 8. CHENG 
From the University of Southern California, Los Angeles) 


(Received for publication, March 2, 1943) 


The quantitative method developed by Wilson, Weatherby, and Bock 
(5) tor the determination of quercetin, or certain quercetin-like substances, 
to which the name ‘‘quercetin equivalent”’ was given, has made possible 
the determination of these substances in naturally occurring products. 
The importance of such determination arises from the emphasis placed 
on the flavone content by Bentséth, Rusznyaék, and Szent-Gyérgyi (1), 
Kugelmass (3), Scarborough (4), and others who claim that compounds 
of this nature are necessary as an adjunct to vitamin C to prevent perme- 
ability or fragility of the capillary walls. The terms citrin, permeability 
factor, and vitamin P have been applied to these compounds. 


Method 


In this method the dried sample is extracted with methyl alcohol, the 
alcoho! is evaporated, chlorophyll and other interfering substances ar 
removed by extraction with chloroform, and the residue is taken up in 
100 ml. of acetone. Varying volumes of this extract are made up to defi- 
nite volume with the boric-citric acid reagent, comprising equal volumes 
of a solution of 100 ml. of anhydrous acetone containing 10 gm. of anhy- 
drous citric acid and a solution of 100 ml. of anhydrous acetone saturated 
with boric acid. A vellow color is developed through the action of the 
boric acid on the flavones present, the depth of which is determined by 
means of a photoelectric colorimeter with a blue filter. The absorption 
by the test solution in the citric acid solution alone is first measured, and 
the difference between this reading and the reading when the boric acid 
is present gives the absorption due to the color formed by the boric acid 
reacting with the flavone. The quercetin equivalent is then ascertained 
by reference to a curve previously established with pure quercetin. 

The substances tested were (a) cauliflower, lettuce, spinach, grapefruit 
peel, orange peel, lemon peel; (6) petals of white, yellow, and red roses. 

The vegetables were washed and drained overnight, then cut into small 
fragments. The petals were pulled from the flowers, and dried in the air 
overnight. The citrus peel was thin slices of the outer rind. Portions 
of these prepared products were dried in a vacuum oven at 60° to constant 
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weight, after which they were removed, ground to a fine powder, and placed 
again in the oven for several hours. 


TABLE I 


; 


Quercetin Determination (Data and Results 


Scale readings Quercetin equivalent 
Volume | 
P ot 
eee rere extract Boric Citric Net From Dry basis Fresh 
sara citric acetone reading grap basis 
Average 
, me. per me. per me. per 
™ - - 
Cauliflower, dry, 6.50 gm 2 12 12 0 0 0 
j 15 15 0 0 0 0 
Head lettuce, fresh, 189.4 gm.; l 25 24 l ? ‘ 
dry, 8.05 gm 2 38 37 ; 
3 50 14 6 t ’ ; 
Grapefruit peel, fresh, 28.30 l 16 24 22 10.8 0.16 
gm.:; dry, 6.94 gm 2 73 30 13 20.4 0.15 
100 6 64 1.2 0.15 
} 130 12 SS 11.0 0.15 | 0.15 0.036 
Spinach leaf, fresh, 37.66.gm l 68 53 15 7.4 10.19 
dry, 3.94 gm 2 116 R5 31 15.0 | 0.19 
162 117 15 1.3 | 0.18 
} 205 147 5S 24.3 | 0.17 1S 019 
Orange peel, fresh, 22.49 ¢ l ”) 56 34 16.2 0.26 
dry, 6.32 gm.* 2 132 60 72 336 0.27 
} 175 65 110 1.0 | 0.27 
/ j 214 69 145 67.5 | 0.27 | 0.27 | 0.076 
Lemon peel, fresh, 8.93 gm 0.1) 48 16 2 | «15.2 | 6.5 
dry, 2.35 gm 0.2) 87 23 64 0.0 6.4 
0.3) 124 J 4 $3.5 6.2 
0.4) 161 37 i24 57.8 | 6.2 6 1.66 
White rose petals.(Caledonia), 0.1; 46 7 39 18.4 3.0 
fresh, 58.29 gm dry, 0.2} 83 10 73 44.0 2.8 
6.18 gm 0.3! 11] 13 OS i, 0 2.5 
0.4) 144 13 131 60.0 2.4 2.4 0.2 
Yellow rose petals (Mme. P 0.1} 40 8 32 15.5 | 2.8 
S.du Pont), fresh, 42.73 gm.; 0.2) 77 12 65 31.0 | 2.8 
dry, 5.61 gm 0.3} 122 24 9S 5.8. | 2.7 
0.4) 158 29 128 58.9 | 2.6 2.8 VU. 3t 
Red rose petals (Victoria Har 0.1 dS 12 a6 20.9 1.3 
rington), fresh, 33.61 gm.; 0.2) 134 17 117 54.5 | 4.5 
dry, 6.01 gm 0.3) 188 20 168 78.4 | 4.4 
0.4) 243 20 223 103.5 1.3 1.4 0.79 
*The variation of the quercetin equivalent of orange peel with maturity is 


under investigation 


Suitable sized samples of these powdered products were then extracted 
and the quercetin equivalent determined with results as shown in Table I. 
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DISCUSSION 
The colorless vegetable, as might be expected, showed no flavone. The 
green of the lettuce leaves is probably due to chlorophyll. The relatively 
high value given by the red rose substantiates the statement by Karrer 
(2) that red roses are a source of quercetin. The highly pigmented yellow 
lemon peel gave by far the highest quercetin equivalent. It is to be noted 
that lemon peel is stated to be a prime source of citrin, or the permeability 
factor or vitamin P of Szent-Gyéoérgyi. 
SUMMARY 
The flavone content of certain substances of plant origin was determined 
according to the method of Wilson, Weatherby, and Bock for the deter- 
mination of quercetin-like substances with results as shown in the final 
column of Table I. Lemon peel, as in the previous investigation (5), 
ranked highest among the substances tested. 
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AMPEROMETRIC TITRATION OF PICROLONIC ACID AND 
INDIRECT VOLUMETRIC DETERMINATION OF CALCIUM 
BY PRECIPITATION AS PICROLONATE AND BACK TITRA- 
TION OF THE EXCESS OF PICROLONIC ACID WITH METH- 
YLENE BLUE 

By GUNTHER COHN anp I. M. KOLTHOFF 


(From the School of Chemistry, University of Minnesota, Minneapolis) 
(Received for publication, March 25, 1943) 


Bolliger has made analytical studies of the reactions between methylene 
blue and picrie acid (1), picrolonie acid (2), and several other aromatic 
nitrophenols (3). The two acids and some dinitrohydroxy compounds 
could be determined quantitatively by titration with methylene blue. 
For analytical purposes only picric acid and picrolonic acid were considered 
practicable (4). We were able to confirm the latter statement.! Bolliger 
titrated picric or picrolonic acid with methylene blue with removal of the 
precipitated methylene blue picrate (or picrolonate) from the aqueous 
solution by extraction with chloroform, in which these salts are readily 
soluble. The titration was carried out in a phosphate buffer or in the 
presence of some calcium carbonate. The end-point is reached when the 
chloroform fails to remove the blue-green color formed in the aqueous 
solution upon addition of methylene blue. Since methylene blue picrate 
and picrolonate are markedly soluble in water, the chloroform must be 
replaced frequently in a titration, and near the end-point it must be 
removed several times aiter each small addition of titration liquid until 
it remains practically colorless upon being shaken with the aqueous phase. 

Later Castiglioni (5) found that the basic dyes safranine, chrysoidine, 
and auramine formed precipitates with picric acid and could be determined 
In a corresponding manner. 

Bolliger applied his titration method to the indirect determination of 
several constituents. Potassium (1, 6) was determined by precipitation 
as the perchlorate; the precipitated perchlorate was converted into methyl- 
ene blue perchlorate and the excess of methylene blue was titrated back. 
Calcium (7), magnesium (8), and organic bases (2) were precipitated as 


1 We investigated the behavior of various nitro compounds with methylene blue. 
4 precipitate was formed when methylene blue was added to the following sub- 
stances, 4,6-dinitrotoluene-2-sodium sulfonate, 1-nitronaphthalene-3,7-disulfonic 
acid, 2,6-dinitrohydroquinone-4-monoacetate. These precipitates were soluble in 
chloroform, but the solubility of the salts in water was too great to allow quantitative 
determination. 
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picrolonates and the excess of the precipitating agent used was titrated 
back after removal of the precipitates. 

In view of the significance of picrolonic acid as a precipitating agent for 
calcium, thorium, lead, and for organic bases we have investigated the 
possibility of titrating picrolonie acid with methylene blue amperometri- 
cally. In amperometric titrations the reaction product need not be 
removed, and the large consumption of chloroform which is required in 
the titration according to Bolliger is avoided. We also investigated the 
indirect determination of calcium by Bolliger’s method and found it to 
give good results provided a possible source of error is eliminated. 

Reagents 

A 0.01 m stock solution of picrolonic acid was prepared as described in a 
previous paper (9). 

0.01 m and 0.001 M solutions of methylene blue chloride were prepared by 
making up 3.74 and 0.374 gm. respectively, of Coleman and Bell’s 
“methylene blue chloride for bacilli’? (CysH,;sNs8C1-3H.O) in water to 
1 liter. 

Polarography of Methylene Blue—The polarography of picrolonie acid 
and the characteristics of the capillary used have already been described 
(9). In the present paper the polarographic behavior of methylene blue 
is reported only in connection with its use as a reagent in the amperometric 
titration of picrolonic acid. In Fig. 1 polarograms are shown of methylene 
blue chloride in a buffer which was about 0.1 M in acetie acid, 0.0125 
in lithium acetate, and 0.1 m in lithium chloride at 20°. Curve E which 
refers to a 0.00091 m solution of the dye shows that methylene blue gives 
one wave with a well defined diffusion current at an applied voltage (F,) 
of 0.3 volt (Eesunoae 0.2 volt versus the saturated calomel electrode), the 


half wave potential at this particular pH being —0.07 volt (versus the 


saturated calomel electrode). Apparently the reduction of methylene 
blue involves 2 electrons vielding leucomethylene blue (10 This was 


also shown by the fact that the diffusion current of methylene blue was of 
the same order of magnitude as the diffusion current of an equimolar 
cadmium solution under the same conditions. From Curve E it is evident 
that methvlene blue is easily determined with the dropping mercury 
electrode. 

Curve A in Fig. 1 represents the residual current of the buffer medium 
The discharge of hydrogen ions began at an applied E.m.r. (J2,) of about 1.5 
volts When 5 X 10-* wm methylene blue was present in the buffer solution, 
this discharge started at FE, 1.34 volts, and its beginning was shifted to 


more positive values with increasing methylene blue concentrations. In 


the 0.0009] M methy lene blue solution the hvdroge n dis h irge he Paul Li 
bout FE, 1.05 volts. Evidently methvlene blue diminishes the ov 


at 








/ 
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voltage of hydrogen on mercury considerably. This should be taken into 
consideration in the use of methylene blue as maximum suppressor. 
Amperometric Titrations—The amperometric titrations of picrolonic 
acid with methylene blue were carried out by adding the 0.01 M methylene 
blue solution from a micro burette to solutions of picrolonic acid in a buffer 
solution which was 0.1 M in acetic acid, 0.0125 M in lithium acetate, and 
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Fic. 1. Polarograms of methylene blue. Curve A, 0.1 Mm acetic acid, 0.0125 m 
0.1m Lit residual current); Curve B, same + 5 * 10-° m methylene blue 
Curve C, same 1.5 10-5 mw methylene blue chloride; Curve D, same + 
1.8 107° mu methylene blue chloride; Curve E, 0.91 * 10~* m methylene blue chloride, 
Ol mM acet id, 0.0114 m LiAec, 0.091 m LiCl. ‘The values are not corrected for 
. ent. Cathode potential versus saturated calomel electrode, 0.1 volt 

‘ yplie D ! 

O.1jM in hthium chloride The voltage applied between the dropping 


mercury electrode and the mercury pool anode was 0.3. This voltage is 
iller than that at which the first wave of picrolonic acid starts (9), 
is large enough to vield the diffusion current of methylene blue. 
Nitrogen was passed through the solution in order to remove oxygen and 
stir the mixtures. The stirring is essential because methylene blue, re- 


thylene blue picrolonate, causes considerable foam which 
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might prevent proper mixing of methylene blue freshly added during the 
titration. The temperature during the titrations was 20°. ‘Table I gives 
the results of the amperometric titrations. Before the end-point the 
current remains equal to the residual current and is practically constant. 
After the end-point is reached, the current, which is equal to the diffusion 


TaBLe I 


Amperometric Titrations of Picrolonic Acid with Methylene Blue 


Molarity of 10 ml a a Molarity of methylene blue 


















picrolonic acid used solution found 
m. 
0.002 1.90 0.01052 
0.002 1.91 0.01047 
0.001 0.95 0.01052 
0.002 1.89 0.01058 
0.001 0.95 0.01052 
Average ; 0.0105 
| | T 
”“ 
7 
§ cr _ 
a 
= 
4-< 
° 
c 
L 
re “ 
- 
2 and 
' and 
0 
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Fic. 2. Titration of 10 ml. of 0.001 m picrolonic acid in 0.1 m LiCl, 0.1 M acetic acid, 


and 0.0125 m LiAc with 0.0105 m methylene blue chloricds E,,0.3 volt. Correction 


was applied for dilution 


current of methylene blue, increases linearly with the excess of dye added. 
As a demonstration, the data obtained in the titration of 10 ml. of 0.001 m 
picrolonic acid with 0.0105 m methylene blue are given in Fig. 2. The 
values of the current have been corrected for the dilution effect 

From Table I it is evident that the titration gives satisfactory results. 


The methylene blue solution which was prepared, assuming the dye to 
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eontain 3 molecules of water, was somewhat more concentrated than 


“ | ealeulated; namely, 0.0105 m. 
Procedure for Amperometric Titration of Picrolonic Acid—To 10 ml. of 
o 


0.001 to 0.005 m picrolonic acid solution in the titration cell is added 1 ml. 
| of buffer solution which is 1 Mm in acetic acid, 0.125 M in lithium acetate, 
and 1 M in lithium chloride. Mercury is added to the cell to serve as 
anode. Oxygen is removed by passing hydrogen or nitrogen through the 
solution. The picrolonic acid is titrated amperometrically at room tem- 
perature at an applied £.M.F. of 0.3 volt with 0.01 m methylene blue chloride 
solution, which is added from a micro burette. After each addition of 
methylene blue, hydrogen or nitrogen is passed through the liquid for 1 
minute in order to stir the mixture and to remove oxygen. The end-point 


TABLE II 


Extraction Titrations of Picrolonic Acid with Methylene Blue 


Molarity of methylene blue 


A ict : acid used Methylene blue used solution found 
ml, 

2 ml. 0.005 m 9.38 0.001069 

9 0.005 ** 9.36 0.001071 

5 * 09.002 * 9.38 0.001069 

5 ** 9.002 * 9.34 0.001073 

5 ** 0.002274 m 10.6 0.001072 

10 “ 0.001137 “ 10.7 0.001062 
\verage or 0.00107 


Che error of a single determination was about 0.5 per cent. 


is found graphically, a correction for dilution (11) being applied. The 
methvlene blue solution is standardized in the same way with picrolonic 
acid of known strength. The strength of the picrolonie acid solution is 
determined by titration with standard sodium hydroxide, phenolphthalein 
being used as indicator (9). 

Che precision of the titration is at least as good as in Bolliger’s procedure. 
This is shown by the titrations recorded in Table II which were carried out 
according to Bolliger with the 0.001 mM standard solution of methylene blue. 
This solution was found to be 0.00107 m. This concentration is relatively 
2 per cent greater than that of the 0.01 m standard solution. We did not 
attempt to find the cause of the difference in results between the two 
solutions. In the titrations given in Table II chloroform was used as the 
extracting agent. We found that the consumption of solvent is somewhat 
reduced when ethylene dichloride is used instead of chloroform. The 
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former remo\ e completely from 
1 so frequent 


Wethylene B 


' 
tion and, theretore, does not ne d to be replace 


) 


solt 


) | . . 
Procedure fi 


rocedure which we recom ais essentialiy the s SU Bolliger. 
lo 20 to 30 ml. of chloroform (or ethylene dichloride) ina funnel 
2 10 mi. ot O.OOL to 0.005 mM pi roloniec acid are added and 2 ml in 
cetate or phosphate buffer of between pH 4 and 8 Lhe »! Li eid 
is titrated with 0.001 Mm methvlene blue chloride I tration 
of picrolonic acid has been determined roughly by a prelim titration, 
an amount of methvlene blue is added which is about 1 to 2 smaller 
than the total amount required. The methylene blue picrolonate is 


extracted with 20 ml. portions of chloroform until the freshh 
chloroform remains colorless. ‘The titration is finished by adding each 
time about 0.15 ml. of methylene blue solution and extracting the 
blue-green product from the aqueous solution with 20 ml. portions of 
chloroform (two are usually sufficient The end-point is reached n 
the chloroform fails to remove the blue color from the aqueous solution 
ution is standardized in the same wa vith picro 


The methylene blue so 
When ethylene dichlorid 


chloroform for 


lonic acid solution of known strength. 
led tl 


the solvent, less is nee lan ol 


as 
removal of the reaction product 
Det yy Precipitation with Excess of 


of Ca CLun 
and Back Titration of Reagent—Attempts 


mianatior 


vere made to detern 


by precipitation with an excess of picrolonic acid and by titrating | 
residual picrolonic acid in the filtrate with methylene blue 

tions were carried out according to the procedure describe 

paper (9) and not according to that of Bolliger (7 Che excess 
lonic acid in juot parts ol the filtrate was titrated ba 


ecdure 


metrically and by the chloroform pro Persiste! y 
values were found by either method. While the relative 
considerably with the calcium concentrations, it w yun 
expressed in the excess of picrolonic acid removed was 
and equal to 4 to 6 micromoles. 

Svstematic investigation showed that this error is ad I 
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saturated solution of picrolonic acid (about 0.01 mM). The adsorp 
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tion is 


reversible, and the picrolonic acid can be removed from the paper upon 


repeated washing with water. 
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Fie. 3 Adsorption of picrolonic acid on filter paper at 20 


TABLE 


[I] 


Determination of Calcium by Precipitation with Excess of Picrolonic Acid (See (9)) 


ima 7 tration of 10 Vil of Supe rnatant Liquid with 1.07 
Chloride 


Bl i¢ 


107-3 mw Methyl ne 


Buffer used in precipitation, 3 ml. of 1 M acetic acid, 0.125 m LiAc, and 1 m LiCl. 
Correction for solubility of calcium picrolonate was applied if necessary (9). 


J < An t 
” mi 
1 25m). 0.001004Mm 8 (11.35/1.19 
2 OF 0.001004 ** 8 11.25)1.18 3 
3125" O.00Zi “ 17 14.0 1.505> 
{ 25 ** 0.00251 * 17 (14.2 |1.52 
§ |25“* 0.00251 *“ 15 10.85 1.16 
6 10 0.01004 * 25 $19.9 2.15 


Calcium 
picrolonate 
pptd. as 
micromoles 
picrolonic 





»f picrolonic acid left in solution acid or 
; ¥v 
per 
cent 
10-? m = 42.8 micromoles 50.2) 49.5,—1.4 
10-3 © = 42.5 a 50.2) 49.8 —0.8 
1073 ** = 67.7 = 125.5)128.3|+2.2 
10-3 ‘* = 68.4 se 125.5)127.6+1.7 
10-3 “* = 48.4 es 125. 5/124.6|—0.7 
10-3 ** = 81.6 "” 200 . 8/206.9 +3.0 


When filtered through sintered glass crucibles, no adsorption of picrolonic 


acid oecurs and calcium can be determined indirectly. In Table III 1 


‘esults 


of calctum determinations are given in which the excess of picrolonic acid 


Was titrated with methylene blue by the chloroform method. 


that satisfactory results are obtained. 


It is seen 
Concerning the mode of precipita- 
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tion and interference by other constituents, reference is made to a previous 
publication (9). After complete precipitation the cooled mixture is filtered 
through a Jena G4 sintered glass crucible, the filtrate brought to room 
temperature, and an aliquot part used for the titration 

From the practical view-point the direct polarographic method (9 
is more advantageous, since no filtration is required. The simple determi- 
nation of the diffusion current of the residual picrolonic acid is more | 


suitable in routine analysis. 


Acknowledgment is made to the Carnegie Corporation of New York 


fora grant which enabled the authors to carry out the present investigation. 


SUMMARY 


1. A method is described for the determination of picrolonic acid 
amperometric titration with methylene blue chloride. 

2. Application of this titration is made to the indirect determination of 
calcium. The method of Bolliger has been investigated critically Una 
the proper conditions it vields good results. 

3. Methylene blue diminishes considerably the overvoltage of 
hydrogen discharge at the dropping mercury electrode 


! 
ty , 
is solu Oll- ry 


t. Picrolonie acid is considerably adsorbed from aque 


filter paper. 
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THE EFFECT OF SULFANILAMIDE ON THE CONVERSION IN 
VITRO OF INORGANIC IODINE TO THYROXINE AND 
DITODOTYROSINE BY THYROID SLICES 


ours: 


The in vitro conversion of iodide to diiodotyrosine and thyroxine by 
surviving slices of thyroid gland excised from sheep, dog, and rat has been 
demonstrated in this laboratory! with the aid of radioactive iodine, I. 
Recent reports have shown that the administration of certain sulfonamides 
produces enlargement and hyperemia of the thyroid gland in the rat. 
It has been suggested that these compounds act on the synthesis of thyrox- 
ine The n vitro reaction deseribed above has been emploved to in- 
vestigate the effects of sulfanilamide on the formation of thyroxine and 


diiodoty rosine. 


Per cent Ringer’s |"! recovered as 
} if a 
x t trat 
Diiodotyrosine rhvrox 
l ) 4.5 10.4 
2 0) 12.2 OS 
3 107? 2.0 | .4 
{ 107? 1.6 1.5 
5 10 6.1 2 } 
6 1 11.2 2.4 
7 1074 31.8 7.8 
S 107-4 31.8 6.5 


‘Tissue slices were prepared from cow thyroids. An amount of sulfanila- 
mide necessary to give the desired final concentration was dissolved in an 
isotonic sodium chloride solution and 0.1 ce. of this solution added to 3 
ee. of a bicarbonate-Ringer’s solution containing a tracer amount of radio- 
iodine. 300 mg. of the slices were then added to the flask and the 
atmosphere above the solution displaced with a 5 per cent CQO-95 per 


cent Oo mixture; the flasks were then maintained at 38° for 2 hours. The 


1 Morton, M. E., and Chaikoff, I. L., 7. Biol. Chem., 147, 1 (1943). 

2 MacKenzie, ¢ G., and Mackenzie, J. B., Endocrinology, 32, 185 (1943). 
Astwood, E. B., Sullivan, J., Bissell, A., and Tyslowitz, R., Endocrinology, 32, 210 
1943). 
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ed iodo compounds radioactive thvroxine like and radioactive 


me 
aill ( osine-like tractions were then separated and measured after 
thr nner previously described. 

The results recorded in the accompanying table show that sulfanilamide 


has an inhibitory effect on the conversion of morgan iodine to both 

diiodotvrosine and thyroxine. The degree of inhibition was found to be 

re ed to the concentration Ol sulfanilamide. No experiments have as 

vel heen carried ot to determine whether sulfonamides alone bring about 

tl nhibition, or whether it may be induced by oth non-specific 

toxic agents 

D } gy \. L. FRANKLIN 
/ ( if, Vie al Sch I. L. CHAIKOFE 
/ 

Li publi April 26, 1943 





TREATMENT OF LEUCOPENIA AND GRANULOPENIA IN RATS 
RECEIVING SULFAGUANIDINE IN PURIFIED DIETS 


Sirs: 


The leucopenia and agranulocytosis which develop in rats receiving 
sulfaguanidine in purified diets can be prevented or cured with whole liver 
or certain liver extracts.’ Synthetic xanthopterin has also been reported 
as curative for this leucopenia.’ 

In the present experiment weanling, albino rats from the Sprague- 
Dawley colony were given a basal ration of the following composition: 
sucrose 75, Labeo casein 18, salts 4, corn oil 2, and sulfaguanidine 1. 10 
mg. of 2-methyl-1,4-naphthoquinone were added to 1 kilo of the basal 


Therapy * None ‘Vita Biotin! Biotin | Biotin Biotin | Norit | Whole | Con- 
min ly sy ly ly eluate liver trol® 
mix + xan- + p + norit! (folic sub- 
turet thoy amino- | eluate acid stance 
tering | benzoic folic (0.5 
20 acid acid) gm.) 
3 mg 
No. of rats 58 15 5 5 6 6 13 ‘ 19 
Leucocytes** 5150 3700 2320 2210 3040 15,500 13,700'15.600 18 , 200 
Granulocytes** 245 125 10 38 255 7,550 5,000 5,920 2,500 


* All substances were administered subcutaneously except the whole liver, which 
was fed in supplement dishes. The values in parentheses indicate the daily dosage. 

+ Daily dosages of 1 mg. each of nicotinic acid, adenine, and synthetic batyl 
ileohol, 2 mg. each of glutamine, pimelic acid, uracil, guanine, xanthine, and yeast 
idenylic acid, 3 mg. of muscle adenosine triphosphate, and 5 mg. each of inositol and 
yeast nucleic acid 

t Biotin was supplied as the 8S. M. A. concentrate No. 1000. 

§ Xanthopterin was synthesized according to the method of Purrmann (Purrmann, 
R., Ann. Chem., 546, 98 (1940 

Prepared according to the directions of Hutchings et al. (Hutchings, B. L., 

Bohonos, N., and Peterson, W. H., /. Biol. Chem., 141, 521 (1941)). 10 mg. of this 
concentrate equivalent to 7100 units were administered daily. 

€ Combined average of the following dietary groups: Basal minus sulfaguanidine, 
same plus 10 per cent whole liver, basal plus 10 per cent whole liver, and Purina chow 
Values for the different groups did not vary significantly 

** Average values expressed as the number of cells per ¢.mm. of blood. 


ration. The B vitamins were fed daily in supplement dishes at the follow- 
ing levels: thiamine 30 y, pyridoxine 30 y, riboflavin 30 y, calcium panto- 


1 Spicer, S.8., Daft, F. S., Sebrell, W. H., and Ashburn, L. L., Pub. Health Rep.., 
U.S. P. H. S., &T, 1559 (1942) 
2 Totter, J. R., and Day, P. L., J. Biol. Chem., 147, 257 (1943) 
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thenate 100 y, and choline chloride 10 mg. 2 drops of haliver oil containing 


1.3 mg. of dl-a-tocopherol acetate were given weekly to each rat. All 
rats were maintained on the basal ration and subjected to biweekly blood 
studies during a 9 week period. Test substances were then administered 
daily for 7 days. The results are given in the accompany ing table 


In many cases, increases in the number of circulating leucocytes were 
observed within 48 hours after the administration of either the norit 
eluate or whole liver. Norit eluate and liver therapies have been con 
tinued for 23 days with no further change in the white blood cell picture, 
except that the number of granulocytes tended to approach the normal 
value. With the continued administration of p-aminobenzoic acid there 
was a moderate but variable increase in the number of circulating leucoevtes, 

\nemia was observed in a large proportion of the rats receiving only the 
basal ration Administration of either the norit eluate or whole liver 
resulted in a definite hemoglobin response. 

Available evidence strongly lavors the \ lew that sulfaguanidine rune 
tions through its ability to inhibit the svnthesis of essential factors by the 
intestinal bacteria. If such is the case, it is apparent that the norit eluate 
fraction contains one or more factors essential for the normal functioning 


of hematopoietic tissue in the rat. 


We are indebted to Merck and ¢ ompany, Inc., for the B vitamins, to 
the Lederle Laboratories, Inc., ror sulfaguanidine, to The Wilson Labora 
tories for solubilized liver, and to Dr. Harry N. Holmes of Oberlin College 
for the synthetic batvyl alcohol. 


Institute of Pathology \. k. AXELROD 
The Western Pennsylvania Ho pital PauLt Gross 
Pittsburgh M.D. Boss 


Kk. F. Swineut 


Received for publication \I iy 12. 1943 








IMPROVEMENTS IN THE CUP ASSAY FOR PENICILLIN 
Sirs: 


Continued use of the cup assay for penicillin as described by the Oxford 
investigators' has revealed from time to time deficiencies which detract 
from its over-all advantages. Despite attempts to stabilize the test 
hacterilum Staphylococcus aureus H, marked biological variations in its 
behavior and a spontaneous tendency toward lysis during penicillin in- 
hibition have lessened its suitability for the assay. Frequently the zone 
edges are fuzzy (lysis?) and difficult to measure with the desired accuracy. 

The following procedure has given excellent results consistently. A 
sensitive strain of Bacillus subtilis is used as the test organism and for 
inoculum is cultivated submerged in 100 ml. of nutrient broth on a shaking 
machine until maximum sporulation takes place (7 to 14 days). The 
culture is then pasteurized to destroy the vegetative cells and titrated 
under the conditions of the assay to determine the optimum amount of 
inoculum (usually 0.1 to 0.4 ml. per 200 ml. of agar). That amount is 
used thereafter as long as that culture lasts. The spore cultures are stored 
in the refrigerator and may be used indefinitely; practically complete 
standardization of the inoculum is thereby achieved and its daily prepara- 
tion eliminated. The melted agar is seeded before it is apportioned into 
plates. With spores it is not necessary to cool the melted agar to 42° be- 
fore seeding. ‘This eliminates a troublesome operation and also difficulties 
in the preparation of uniform plates due to premature hardening of the 
agar. The remaining steps are as described pre\ iously,!+ ? except that 
incubation is at 30°, which, incidentally, reduces temperature instability 
of penicillin. The lag in growth due to spore germination permits better 
diffusion of the penicillin before growth limits the zone. Larger zones 
reduce the percentage deviation due to errors in measuring their diameters. 
The zone edges with Bacillus subtilis invariably are knife-sharp, and the 
growth stands in clear contrast to the zone of inhibition. 


Research Laboratory Jackson W. Foster 
Verck and Company, Inc H. Boryp Wooprurr 


Rahway, New Jersey 
teceived for publication, May 18, 1943 


1 Abraham, E. P., Chain, E., Fletcher, C. M., Gardner, A. D., Heatley, N. G., 
Jennings, M. A., and Florey, H. W., Lancet, 241, 177 (1941). 
2 Foster, J. W., and Woodruff, H. B., J. Bact., in press (1943). 
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Oxygen: Blood, determination, gasomet- 
ric, micro, Roughton and Scholander, 
541 

P 


Pancreatectomy: Pyruvic acid forma- 


tion, insulin and, effect, Bueding, 


Fazekas, Herrlich, and Himwich, 
97 
Pantothenic acid: Perspiration, Jen- 
nent and Silber, 359 


Penicillin: B, preparation, purification, 
and mode of action, Van Bruggen, 
Reithel, Cain, Katzman, Doisy, Muir, 
Roberts, Gaby, Homan, and Jones, 


365 
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Penicillin—Continued: 
Determination, Foster and Woodruff, 
723 

See also Notatin 
Penicillium notatum: 


cose aerodehydrogenase from, Bir 


Antibacterial glu- 


kinshaw and Raistrick, 159 
Perspiration: Ascorbic acid, thiamine, 
riboflavin, and pantothenic acid, 
Tennent and Silbe 359 


Acetylation, 
if id and sul 


and 


Phenylaminobutyric acid: 
i vive p-aminobdenzoice 
fanilamide relation, Fishman 
Cohn 619 


system, 


Phosphatase: Adenosinetri 


icetylcholine, activation DuBois 
and Potter, 151 
Hexosedi-, Gomori, 139 
Phospholipid(s): Tissue, diet relation 
friom and Fishmar 105, 415 23 
Phosphorylase: Muscl rystalline 
polysaccharide synthesis rel ! 
Hlassid, Cori, and McCread;, 89 
Phthiocerol: Hydrocarbon, x-ray study 
Stenhagen, 605 


Picrolonic acid: Calcium determinati 


use in, Cohn and Kolthoff 711 
litration, amperometric Cohs — 
Kolthof, 71 
Pituitary: Lactogenic hormone, / 289 
sulfur amino acid, / ona 


Plasmodium knowlesi: Carbohydrates 
metabolism. Wende / yA 
if ( nde l. 21 


he te rophile, 


Respiratory metabolism 
Pneumococcus: Antigen 
Goebel, Shedlovsky, Lavin, 
Adams, | 


and 
Polysaccharide: Synthesis, muscle phos 
phorylase, Hassid Cor 
VUcC re ady, RO 


Blood serum, fractior 


and 


tion, 


Protein (s 


electrophoretic and sodium sulfate 
methods, Taylor and Key 379 
Soluble, isoelectric point, determina 
tion, Jaffé, ISS 
Tissue imino acids, Beach, Munks 
and Rob nson, 13] 


trichloroaceti« icid soluble, 


Becl man, H ller, 


Archibald. 247 


Urine 


Nhedlovs/ J. and 
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Pyridoxine: Foods, determination, 
Bina, Thomas, and Brou n, lll 
Light effect, Hochhe rg, Veln ck, Siegel 


and Oser, 253 
Pyruvic acid: Aceto-, metabolism, Lehn- 
inger, 393 


Formation, insulin and pancreatectomy, 
effect, Bueding, Fazek: Hlerrlich, 
and H mivich, Q7 

QO 
Quercetin: -Like substances, determina 
tion, Weatherby and Cheng 707 

R 


Respiratory metabolism: Malaria para 


sites Wendel. 21 
Riboflavin: Perspiratior Tennent and 
Silber 54 


Rubijervine: Jacobs and Craig 1] 


Serine: Deamination Ba 
role, Chargaff and Sprinson, 249 
Shock: Hemorrhage, tissue met lism 
effect, Beecher and Craig 383 


, 


Sodium: Bone, adsorptior radioactive 


Bonner, and Dessaue 2 | 
Dentin, adsorption LdLlo ive isotope 
study, /lodge, Ke Ginn, Falken 
hein Gavelt ia Thoma 
Knamel, adsorption, radioactive iso 


tope in st idly Hodqe Ko , Ginn 
Falkenhe m. Gavelt. Fo é Thoma 


Bonner, and Dessaue 239) 
Hydroxyapatit isorption, radioac 
tive isotope in study, Hodge, K 
Ginn, Falkenheim. Gavett. Fowl 


Thoma B rnvie a? De Lil¢ 


Insoluble, bone, nature, /lodge, Koss, 
Ginn. Falkenheim. Gavett. Fowler 
Thomas, Bonner, and De 

Sodium dehydroisoandrosterone 


aque) 521 


sul- 


fate: Urine, determination, Talbot 
Ryan and Wolfe, 593 
Water, determination, TJ alb Ryan 
and Wolfe, 593 
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Sodium pentothal: Blood, determina- 


tion, Hellman, Shettles, and Stran, 
293 
Spermatozoa: Glycolysis, Lardy and 
Phillips, 343 
Metabolism, Lardy and Phillips, 333 
Starch, Hydrolysis, blood amylase, Vor- 
ris, 271 
Sterol (s Determination, antimony tri- 
chloride Zimmerli, Nield, 
and Russell, 245 
Sucrose: Inversion, effect, 
Sande ry. 311 

Do idoroff, 


reagent, 
pressure 


Phosphoroly sis, bacte rial, 


Kaplan, and Hassid, 67 
Synthesis, bacterial, Doudoroff, 
Kaplan, and Hassid, 67 
Sulfaguanidine: Granulopenia, effect, 
Axelrod, Gross, Bosse, and Swingle, 

721 

Le ucopenla, effte CU, Axe lrod, Gross, 
Bosse. and Swingle 721 


Sulfanilamide: Phenylaminobutyric 


acetylation im vivo, relation, 


acid 
Fishman and Cohn, 619 
hyroxine and diiodotyrosine conver- 


sion from iodine, inorganic, in vitro, 


thyroid, effect, Franklin and Chai- 
koff, 719 
Sulfur: Amino acid, pituitary lactogenic 
hormone, Li, 289 


Sweat: See Perspil ition 


T 


Thiamine: Perspiration, Tennent and 
Silber. 359 
Thyroid: Thyroxine and diiodotyrosine 
conversion from iodine, inorganic, in 
tro, sulfanilamide effeet, Franklin 
and Chaikoff, 719 
Thyroxine: Iodine, inorganic, conversion 
n vitro, thyroid, sulfanilamide ef- 
fect, Franklin and Chaikoff, 719 
Metabolism, 
effect, Beecher and Craig, 
383 
Phospholipids diet relation, Artom and 
Fishman, 105, 415, 423 


Tooth: See also Dental plaque 


Tissue (s hemorrhage 


shock, 


739 


Transphosphorylation: Myokinase rdle, 
Colowick and Kalckar, 117 
Kalckar, 127 

Trout: Blood constituents, Field, El- 
vehjem, and Juday, 261 


Tryptophane: Deficiency, blood, effect, 
Albanese, Holt, Kajdi, and Franks- 
ton, 299 

Determination, colorimetric, micro, 
Eckert, 205 

Tyrosine: Diiodo-, iodine, inorganic, 
conversion in vitro, thyroid, sulfanil- 
amide effect, Franklin and Chaikoff, 


719 

U 
Urine: Atabrine, determination, Masen, 
529 


Cortin-like material, Venning, 


Hoffman, and Browne, 455 
Gluecuronide, steroid, Strickler, Shaffe ’. 
Wilson, and Strickler, 251 
lodides, determination, Pearl, 85 


Protein, trichloroacetic acid-soluble, 


Beckman, Hiller, Shedlovsky, and 
Archibald, 247 
Sodium dehydroisoandrosterone — sul- 


fate, determination, Talbot, Ryan, 
and Wolfe : 593 
V 

Veratrine: Alkaloids, Jacobs and Craig, 
41, 51 

Craig and Jacobs, 57 
Vitamin(s): A, storage, body, Little, 
Thomas, and Sherman, 141 


Bs. See also Pyridoxine 
C. See also Ascorbic acid 


1)., determination, antimony trichlo 


ride reagent, Zimmerli, Nield, and 
Russell, 245 
D);, determination, antimony trichlo- 
ride reagent, Zimmerli, Nield, and 
Russe ll, 245 
Water-soluble, essential, chick, Briggs, 
Luckey, Elvehjem, and Hart, 163 
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Water: Sodium dehydroisoandrosterone 
sulfate, determination, Talbot, Ryan, 


and Wolfe 593 
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